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INTRODUCTION 
One of the most important chemical industries in the Unite 
States at the present time is that which is concerned with the 
preparation and production of various solvents used in number-
lees commercial processes. A series of alkyl derivatives of 
ethylene glycol and diethylene glycol known, respectively, as 
"Cellosolves" and "Carbitols" has, in the past decade, become 
increasingly popular. These compounds form a natural family 
because of the common property that each has of possessing an 
hydroxyl group combined with one or more ether linkages. These 
characteristics mark these ether-alcohols as particularly 
valuable because of the exceptionally great solvent power of bot 
groups. In addition, complete solubility in water is maintained 
The first member of these aeries was originally made avail 
able in large quantities in 1924 (1), and since that time, the 
uses found for such compounds have become almost limitless. For j 
instance, Cellosolve, which is the common name for the monoethyl / 
I 
I 
ether of ethylene glycol, is valuable in the manufacture of lao-
quers, paint and varnish removers, cleaning solutions, and 
resinified wood. Likewise, Oarbitol, or diethylene glycol mono-
1 
ethyl ether, is usefUl as a solvent for nitrocellulose, oil, I 
dyes, natural resins, and waxes. I 
Because of this wide industrial application it is very 
important to be able to identify each compound by the preparatio 
of a solid derivative and subsequent determination of the meltin 
I 
i 
I 
. I 2-
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great tendency of these ether-alcohols to form oils and gummy 1 
pastes . The cause of this may be found in the unbalancing 
effect, with its resulting higher dipole moment, which is pro-
duced in any molecule by the introduction of a long~che.1n con-
t a ining an alkoxy group. Various esters, which are well-defined 
solids in the case of the simple alc ohols, have been shown to be 
oily liquids or slowly forming solids when the common cellosolve 
or carbitols were used. Palomaa (2) first prepared some benzoe.t 
of the monoalkyl ethers of ethylene glycol and, recently, his 
method has been extended by Conn,Collett, and Lazell (3) to 
include the benzoates and p-nitrobenzoatea of the monoalkyl 
ether s of ethylene glycol and di-ethylene glycol. These compoun 
however, with the single exception of beta methoxyethyl p-nitro-
benzoate, which melted at 50.60, were high-boiling liquids, Cat 
lytic reduction of the p~nitro compounds by the same authors (4) 
pro duced solid p-aminobenzoates of the cellosolves. 
Meanwhile, Whitmore and Lieber (5) found that the potassi 
xanthat es of the monoalkyl ethers of ethylene glycol could be 
easily prepared and characterized by d.efini te melting points. 
'l!hey described the potassium xanthat e of ethyl carbi tol, however, 
as an orange-colored pasty solid melting at 127° and that of 
butyl ce.rbitol as a thick reddish jelly-like solid. These latte 
compounds are, surprisingly, the only solid derivatives of the 
oarbitols described in the literature. 
Recently, Veraguth and Diehl (6) using 3-nitrophthalic 
anhydride and the monoalkyl ethers of ethylene glycol succeeded 
-----
I 
_I - ·-- -
---------------
in obta ining solid 3-nitrophthalates of some cellosolvea, but it 
was necessary to cool the oily products in a refrigerator for 
severa l days before cryatallization; occurred. Numerous attempts 
to prepare a suitable common solid derivative were made in this 
laboratory by Griffin (7). The usual reagents for alcohols, e.g i, 
phenyl isocyanate, alpha-Baphthyl isocyanate, and 3,5-dinitro-
benzoyl chloride were tried without success. I 
Because of the failure of these common reagents to produce I 
suitable solids, Griffin hoped to introduce a new group into the 
molecule and obtain a derivative by reacting this new group with 
appropriate reagents. Many of these trials will be spoken of in 
the experimental write-up. The author, also, started his work 
with the idea of changing the characteristics of the ether-alco-
hols by the formation of a heavier or more adaptable intermediat 
molecule, It was imagined that a solid derivative of the cello-
solves and carbitols could be obtained in this indirect way. 
---------- ----- - --
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Solvent 
R= 
Methyl 
Ethyl 
Butyl 
Solvent 
R: 
Methyl 
Ethyl 
Butyl 
PHYSICAL PROPERTIES OF THE OELLOSOLVES 
AND CARBITOLS (1) (5) 
Cellosolvea 
(Monoalkyl (R-) Ethers of Ethylene Glycol) 
B.P. Density V.J?. (200) 
760 mm. (20/20) mm. Hg. 
125.0° 0.9664 7.0 
135.0° 0.9311 3.'72 
171.2° 0.9019 0.97 
Carbitols 
(Monoalkyl (R .. ) Ethers of Diethylene 
B.P. 
760 mm. 
193.2° 
201.9° 
230.7° 
Densit1 ( 20/20 
1.0354 
0.9898 
0.9555 
V .P. ( 20°) 
mm. Hg. 
0.2 
0.22 
0.06 
Refractive 
Index 
1.4017 
1.4077 
1.4190 
Glycol) 
Refractive 
Index 
1.4300 
1.4321 
In general, these compounds are colorless, slightly hygro-
-4-
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I 
1 
scopic liquids of mild and pleasant odor. ']!.fli:'JY are completely 
- --==- -~ible w~t_b..____wa_~ _ _r and __ orga.niJL_~nta. __ _  __ __ __ __ ___ 
=-=-= -- - ---
----,-= --·· -- -------·--· 
PP~PARATION OF ALKOXYETHYL GLYCOLIC ACID AND DERIVATIVES 
Introduction 
In many cases, the introduction of a carboxyl group into a 
molecule makes its identification by a solid derivative possible 
Likewise, the most common reagents used with organic acids are 
those which form esters of high molecular weight and melting 
point. The first plan of procedure, therefore, involved the 
formation of substituted glycolic acids followed by reaction of 
the acid with p-phenylphenacyl bromide ( 8). The general reaetio 
O-~-COCH2Br R( OCH CH ) OCH OOOH "'-.../ ,., 
2 2 n 2 ----N-a-O-H------~7 
n=l,2 
Original work on the synthesis of these substit~d glycoli 
acids was carried out by Palomaa and S11tonen (9). According to 
their directions, two molecular equivalents of the alcohol, in 
the form of its sodium salt, would have to be used with a given 
weight of chloroacetic acid. One mole, in each case, underwent 
an exchange ~eaction to form the sodium salt of the acid. If the 
=:::!J:::=o=r-~~al rea~nt, howeve~were B_Qme ~JL_Qf ___hll~---~~~g,!-_-.::-ft •-&-~-=JiA~-, =c--=.--:c::c====·-=-==--=-.:: 
==---===-~ ---·'*=== - -=-=-=-----:..---~~--==-==:: - --- ------------ ·- --- ·-·-- -· - - ==== 
double salt with morpholine or pyridine, it should be possible t 
condense the sodium alcoholate and chloroacetic acid in molecula 
quantities. 
Griffin (7) attempted such a reaction using the morpholine 
salt but did not isolate the product. Instead, esterification 
with p.phenylphenacyl bromide was tried on the crude product. A 
' 0 compound melting at 168.1-169,6, was obtained but was not anal-
/ yzed. This work was, therefore, continued using the sodium salt 
of the ether alcohol with, in ·turn, the' double salt of the acid 
_,! 
and morpho line, the acid and pyr id.ine and, finally, the free ac 1 • 
. 
The yields based on the amount of alcohol used proved to be 
> 
higher than those of Palomaa and Sii~onen. 
When subsequent esterifioatfo \~. was attempted, many diffi-
' . 
culties and objections to this as a means of identifica-
tion were found. Therreaction was very slow and produced oils 
which were crystallized with difficulty. Other reagents for 
qualitative analysis of acids were then tried. Piperazine hexa-
hydrate (10) formed solids, but, aga in, the melting points were 
too low for successful application to all cellosolves and earbi· 
tole. In addition, experimental procedures were carried out on I 
the reaction of the beta-alkoxyethyl glycolic acid with S-benzyl I 
thiuronium chloride (11), ammonia, and p-toluidine (12). 
Purification £! Reagents 
Ether: Although Baker's "Distilled Over Sodium" 
grade was used in all trials, it was further purified by aliowin 1 
it to stand over freshly-cut sodium until the reaction slowed 
down. The ether was then refluxed three hours and the process 
repeated if there was evidence of any water remaining. The dehy 
drated liquid was then fractionated and the first and last por-
tions discarded. The distillate was collected over sodium. 
Chloroacetic ~ (E.K.-68 P-Practical): The impure 
solid was dissolved in ether; the solution filtered, and then 
allowed to air-evaporate almost to dryness. Pure colorless 
needles, melting point 63°, resulted after filtration and drying 
Ether-alcohols (E.K.-C.P. or Practical): Each cello 
solve or carbitol was allowed to ~tand over calcium sulphate two 
days and redistilled. In each case the middle portions were fir 
collected and. subjected to a second distillation producing a con 
stant-boiling fraction. In working with ethyl cellosolve, for 
instance, the boiling point was 126-127° (corrected). 
R-Phenylphenacyl bromide (E.K.-3297 C.P.): Melting 
point 125.60. This was used without further purification • 
.llorpholi:ne ( O,a.r'bir1 e:· }L carbon co.): The clear liquid 
was dried for twenty-four hours over calcium sulfate and redia-
tilled. The first and last quarter of the distillate was repro~ 
ceased. Boiling point, 128.0-129.00. 
Pyridine (E.K.-C.P.): In spite of the fact that mos 
lr_QC e~~a _;r;~~~~t_-~idJ n ~L.aho.uld b~ ...drle.d-~ _q'fbtgkJ,.:ime:='== -_:=--==--==-=-= 
cut sodium and allowed to stand for 24 hours. The sodium became 
1 
blackish-blue in color, but the pyridine distilled over colorles 
i 
at 115.7-116.0° and showed no further evolution of hydrogen with l 
metallic sodium. 1 
= = = = =------=-=·=· "--'-'--'-----
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Experimental 
According to the directions given by Griffin (7) equimolec -
lar weights of ethyl carbitol (14.9 g., 0.11 mole) and sodium 
(2.5 g., 0.11 mole) were refluxed in 150 cc. of dry ether. The 
sodium was added slowly to the ether and alcohol mixture. At 
the end of the reaction, the sodium alcoholate remained dissolve 
in the ether. A slight yellow color, which deepened upon stand-
ing, was evident at this point. 
In a second flask 10.5 g. (0.11 mole) of chloroacetic acid 
dissolved in 15 ce. of absolute ether, was added slowly to 15 co 
of morpholine diluted with an equal volume of ether. A white, 
curdy precipitate, hard to handle, resulted from the violent sal 
forming reaction. This mixture was added slowly to the sodium 
alcoholate and the whole flask was refluxed for one hour. White 
fumes in the flask were evident at first and a white solid ap-
peared after the solution had stood for twelve hours and had bee 
refluxed two hours longer. 
At the end of this time, the ether was distilled, a alight 
excess of 25% sulfuric acid solution added with cooling, and the 
clear, yellow liquid extracted four times with 30 cc. portions o 
ether. Evaporation of the combined ether extracts resulted in a 
small amount (2.1 g.) of a yellow viscous oil. Further extrac-
tions o:f the aqueous acid layer with carbon tetrachloride and 
petroleum ether did not increaBe the yield. 
The outlined plan of procedure then called for esterifica-
=--=-:-__ t~-~.n__w_li.h_p~~~pphena~ bromide. Since ._expe~ime~_tat~n has 
-==--====---------------------======H= ==== ~roven the methods outlined by Shriner and Fuson (8) applicable 
these directions were car efully followed in the 
irst attempts to esterify the acilffi. 
In general, evaporation of the ether extracts produced an 
il acidic to litmus. This liquid was carefully made alkaline 
addition of 10% sodium hydroxide solution and a few drops 
a cidic reactant, which had previously been separated from 
main portion, were added to make the solution again acidic. 
solution was then placed under a reflux condenser, 4 g. of 
.. phenylphenacyl bromide dissolved in 40 cc. of 9576 alcohol added 
nd the solution heated for one hour. Upon cooling, a white pre-
ipitate (m.p. 125.80)--unchanged p~phenylphenacyl bromide•-sepa-
As evaporation of the alcoholic filtrate was carried out 
steam-bath, a yellow oil appeared. In order to isolate 
his compound, it was necessary to use a hot separatory funnel ~ecause, at ordinary temperatures, its viscosity was so high that 
~ t would not flow. The oil was washed repeatedly with 5% hydro-
~~ hlor ic a.c id, 10% sodium hydroxide solution, and water, but 
faol1dification did not occur even when it was cooled in an ice-
'salt bath. There was a strong possibility, however, that 1his was 
the desired p..-phenylphenacyl~ ... ( j3 •-ethoxyethoxy)-ethyl glycolate 
I !Negative halogen and neutral litmus tests lent strength to this 
I 
conviction. 
Exp 2: Condensation of the alcohol With chloroacetic acid 
was attempted through the use o£ pyridine as a condensing agent. 
Ten grams (0.0746 mole) of ethyl carbitol were dissolved in 15 cc 
of dry pyridine and a solution of 6.6 g. (0.07 mole) of 
----
---·-----
I 
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chloroacetic acid in 15 cc. of pyridine was slowly added to it. 
The heat was then gradually increased until refluxing began. 
After 10-15 minutes a thick, tarry liquid separated from solutio • 
The mixture was cooled preliminary to adding 75 cc. of 
ether. The ethereal solu tion was then washed with 75% sulfuric 
acid solution until the odor of pyridine disappeared. 
Additional extractions with ether, as previously described, 
in Exp. 1, and evaporation resulted in 1.7 g. of viscous oil 
which still retained a slight odor of pyridine. This oil was 
allowed to stand over concentrated sulfuric acid for three weeks 
before the preparation of a derivative was attempted, but the 
oily nature and odor persisted. 
Exp. 3: Although the mixing of reagents wa s done as de~ 
scribed in Exp. 2, the reaction flask was heated only until the 
visible reaction, a slight darkening, .had started. The burner 
was removed, but the evolved heat maintained a temperature of 
80-85° in the reaction vessel, while the solution gradually grew 
darker. Upon cooling, yellow, needle-like crystals appeared on 
the wall of the flask. The solution was decanted, made strongly 
acidic with 'Z5:,b sulfuric acid solution, extracted as before with 
ether, and evaporated. 
The yield of dark-colored oil was found to be 4.4 g. or 
30.8% of the theoretical yield of~ ( ~'ethoxyethoxy)-ethyl gly-
colic acid• 
The crystals described above were found to dissolve readil 
in water and to give a positive halogen test without ignition. 
They were, therefore, assumed to be pyridine hydrochloride. 
---=.::-_.r== 
-----
li 
I 
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Exp. 4: Experiment 1 was carried out using 0.1 mole quan- J 
tities of ethyl cellosolve (9 g.), sodium (2.3 g.), and chloro- ; 
I 
acetic acid ( 9,4 g.) with 15 g. of morpholine. The reaction, I 
carried out without a stirrer, produced 3.5 g. of an oil which 
was not further purified. The yield of impure material was, 
therefore, 23.7% of the theoretical amount. This was increased 
to 31% by the use of a stirrer. 
In the attempts to esterify the products of experiments 2, 
3, and 4, the accepted directions as outlined above were followe 
using the reagents in the same ratio. I Each trial produced the 1 
I 
primary precipitate melting at 125-126°. The solution obtained 
1
1 
after filtering off this unchanged p-phenylphenacyl bromide pro-
dueed by evaporation a yellow oil of the same type as that de- j 
scribed--considered to be the desired glycolate in each case. 
Exp. 5: An ethereal solution of the sodium alcoholate was 
obtained by allowing 10 g. (0.106 mole) of ethyl cellosolve to 
react with 2.5 g. (0.106 mole) of metallic sodium in the usual 
way. (Solution I) 
Meanwhile sodium hydroxide solution ( 35%) was adcled with 
cooling to a homogeneous mixture of chloroacetic acid (10.5 g., 
0.11 mole) and 15 co. of ether until the water layer was strongl 
basic. Solution I was then slowly added to this while the mix-
ture was being refltuted and strongly agitated. A thick white 
precipitate first formed but gradually almost disappeared after 
two hours of refluxing. 
At the end of this time, the remai ning precipitate was dief 
~~1 v~~-=~-~:~-~-_e ___ -a,.--,d=~~~--~:~-----o_f_o.~ ~1~ ~ e hydr oc hl o=r=i=c= ( =6N=) =:·c=i=d=·= " t -~~_:1_=== 
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times with 25 cc. portions of ether and the combined extracts 
were dried over calcium chloride and evaporated. The residue 'I 
I 
amounted to 4.4 g. of viscous oil. The theoretical yield of 
acid is 18.2 g •• 
Distillation showed a bolling·point of 194-1970 at atmos-
pherio pressure_while the · recorded boiling point of chloroacetic 
acid is 189o. ln addition, a positive test for halogen was 
obtained. 
As expected from the boiling point, the oil produced above 
yielded an ester of chloroacetic acid of melting point 115° when 
heated with p-phenylphenacyl bromide. 
Exp. 6: Sufficient sodium (5.0 g., 0.212 mole) was added 
to a mixture of cellosolve (10 g., 0.11 mole) and chloroacetic 
acid (10.5 g., 0.11 mole) to react with both reagents. The meta 
was added slowly to the flask while the mixture was refluxing. 
A thick white precipitate started forming immediately, but the 
flask had to remain standing for two days before the metallic 
sodium had entirely disappeared. The mixture was then acidified 
with dilute hydrochloric acid. (6N) until the remaining precipi-
tate had dissolved. After extraction and drying of the ether 
layer, it was evaporated, but no oil was obtained. 
Exp. 7: The sodium alcoho~e, dissolved in absolute ether, 
was prepared in the usual way using 25 g., 0.262 mole, 20% exces 
of ethyl cellosolve. 
Likewise, the morpholine salt of chloroacetic acid was 
- -- -+=---==--=-=-== ,, 
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formed :from 21.0 g. (0.223 mole) of the former with 19.3 g. (0.2 r-----------------
mole) of the base. The precipitated salt was carefully trans- I 
ferred to the ether-alcoholate mixture. The transfer was comple rd 
by washing with 100 cc. of absolute ether. After refluxing and 
stirring for 2t-3 hours, the mixture was acidified and extracted 
as before. After drying and evapora tion of the ethereal solutio 
13.7 g. of an oily material was recovered. 
Upon distillation, the bulk of this oil passed over clear 
at 114-118° under a pressure of 16 mm •• In addition, there was 
slight signs of decomposition as the temperature gradually rose 
to 148°, at which point a second fraction distilled over. The 
lower-boiling part gave evidence of being merely chloroacetic 
acid mixed with a small amount of cellosolve while the second 
fraction, because of its oily nature and slight color, appeared 
to be the desired 1-ethoxyethyl glycolic acid. This point was 
not proven by esterification trials, however. 
Exp. 8: Experiment 5 as described above was carried out 
using absolute diisopropyl ether a s a solvent. Although higher 
temperatures were obtained while refluxing, the reaction did not 
seem to be hastened. since evapora tion of the ether extracts pro-
duced but 1.5 g. of oil. 
The water layer, on the other hand, showed the presence of 
unchanged cellosolve when distilled. 
Exp. 9: Becau~ e attempts to obtain a good yield of the 
su~stituted glycolic acid using equimolecular quantities of 
reagents were unsuccessful, a trial run using Palomas's (9) 
directions was made. 
- --- . -------------
In general, the sodium alcoholate was prepared in the usua 
manner and allowed to remain in the ether solution. To this was 
added dropwise, with stirring, half the equimolecular quantity 
of chloroacetic acid. dissolved in a small amount of ether. When 
the addition was completed ana the visible reaction had ended, 
the mixture was heated on the steam-bath for one hour. Followin 
this, the ether was disetil~ed off and the unreacted ether-alco-
hol separated by steam distillation. The alcohol was considered 
to be removed after 150-200 cc. of water had distilled. The 
water solution of the sodi~ salt of the acids was then concen-
trated, treated with ortho~phosphoric acid and extracted with 
alcohol-free ether about 15-30 times. The number of extractions 
depended upon the glycol being used since it was found that 
metboxyethyl glycolic acid is much more soluble in water than the 
ethoxy homologue. The acid, obtained by evaporation of the ethe , 
was then purified by repeated distillations from a vacuum. The 
results of eac~ attempt to follow Palomaa•s directions are: 
A 
This acid was prepared from 40 g. (0.44 mole) of ethyl 
cellosolve, 10.2 g. {0.44 mole) of metallic sodium and 20.5 g. 
(0.22 mole) of chloroacetic acid. The process as described in 
the literature did not present any difficulties and yielded 16.7 
g. (55% theoretical) of acid after the third distillation. The 
oil was odorless and colorless. 
Boiling Point: 125~1260 at 4 mm. (Palomas) 
154.5~155.50 at 18 mm. (Found) 
- - -
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Neutralization Equivalent: Theoretical 148.1 
Found 147.6 1 
I 
I 
B Using Methyl Cel1osolve for~ Preparation of j 
,e~MethoxyethYl Glycolic !£.!..£. 1 
I This acid was obtained from 0.5 mole quantities of methyl 
cellosolve (38.0 g.) and sodium (12.5 g.) with 0.25 mole (47.0 g ) 
of chloroacetic acid. In this cas e, it was found necessary to 
extract 25 times with ether. Ben zene, carbon tetrachloride, and 
p~oleum ether gave no better results. Evaporation of the ether 
however, produced 14.9 g. of acid after purification. Yield: 441 
Boiling Point: 121-122° at 4 mm. (Palomaa) 11 
149-149.5° at 18 mm. (Found) 
Neutralization Equivalent: Theoretical 134.1 
Found 134.4 
The purified p-ethoxyethyl glycolic acid obtained was, 
finally, heated with p-phenylphenacyl bromide. The acid (1 g.) 
was neutralised, made slightly acidic and then diluted with 37 a • 
of alcohol before addition of the bromide (1.5 g.). After refl 
ing and cooling, the solution remained clear; so the alcohol was 
1 
car efully evapora ted on the steam-ba th until a separation into 
liquid layers was evident. After isolation of the lower layers, 
it was cooled in an ice-salt ba th for 24 hours and finally 
solidified. 
A second trial was carried out using the same quantities, 
but this time the mixture was refluxed four hours. When the 
flask was cooled, a small amount of a white solid and a larger 
quantity of oil separated. After standing over sulfuric acid fo 
==--=-··- --- -·- .:=::::::::--.-:=:=:::·:-.-_._-  -_ _ : 
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twelve hours, the oil changed to a slightly yellow .. colored solid 
Recrystallization from alcohol-water (751~25~ ) solution produced 
white monoclinic plates of melting point 52.5-52,8°. Yield: 51. % 
Carbon: Theoretical: 70.14% 
Found: 69.92% 
Hydrogen: Theoretical: 6.48% 
Found : 6. 53% 
The purifiedp-metho:x:yethyl glycolic acid was neutralized 
and treated in the usual .way. Although only 0.9 g. of the acid 
was reacted with 1.5 g. of p-phenylphenacyl bromide, it was foun 
advisable to reflux the mixture for three hours. A white :flaky i 
precipitate separated out easily upon cooling and was recrystal-
lized from alcohol-water (75%-25%) mixture, Melting point: 68° 
The yield amounted to 1.8 g. or 61.5% of the theoretical. 
Carbon: Theoretical: 69.60%. 
Found: 69.17'/o, 69.25% 
Hydrogen: Theoretical: 6.14% 
l!'ound: 6.09%, 6,07% 
Exp. 10: A final at tempt to prepare the sugetituted gly-
colic acid using equimolecular portions of the alcohol and 
chloroacetic acid was made by first forming the pyridine salt of 
chloroacetic acid.. This was kept in ether solution and added 
slowly to an ether solution of the sodium alcoholate. After the 
addition the mixture was refluxed for two hours, at the end of 
which time a white precipitate--pyridine hydrochloride--had 
settled out. The ether was distilled off, a little water added 
and the solution acidified with phosphoric acid. After 20-25 
extractions with ether, the oil was isolated by evapora tion ani 
~18-
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distillation. 
1 
I 
When carried out using 20 g. (0.22 mole) of ethyl cello- I I 
solve, 5.1 g. (0.22 mole) of sodium, 20.'1 g. (0.22 mole) of I 
chloroacetic acid and 16.7 g. of pyridine, the yield of purified 
acid amounted to 12.3 g. or 40% of the theoretical. Therefore, 
mole for mole this method produces more acid than that of Paloma ! 
when the yield is calculated on the basis of the amount of 
alcohol used. 
-19-
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Identification of jS -Alkoxyethyl Glycolic Acid ' 
Using Piperazine Hexahydrate 
Because these esterification trials made it clearly eviden 
that some other method would have to be used to identify the 
substituted ethoxyacetic acids, various reagents were considered 
First, piperazine hexahydrate, because of its wide applicability 
and. rapidity of action was tried. In the case of this reagent, 
a neutra l salt is formed with most acids (10) by merely mixing 
the two reactants on a watch glass and stirring. After five 
minutes--or leas if the mixture is w~rmed slightly or diluted 
with ether--the entire mass should solidify . 
+ 
. 6H
2
0 + 2ROCH CH OCR COOH ___. 
2 2 2 CH2 
CH 
CH2 t 
2 
H H H 
2(00CCH OCH CH OR)-
2 2 2 
Attempts to follow these directions with the glycolic acid 
derivatives, however, were not encouraging. In each case 0.01 
mole of the acid was added t o 0 . 005 mole of piperazine hydrate 
and the sirupy solution was vigorously stirred for 5-10 minutes. 
, . 
Since.no solid was visible at the end of this time , 5 cc. of 
ether was added . This resulted in a slow change of the oil into 
a gummy solid which, however, was very difficult to handle and 
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dry. 
When 1.48 g. of {3-ethoxyethyl glycolic acid was treated in 
this way, the gummy solid, after standing over sulfuric acid 
I 
for thirty-s.ix hours, showed a melting point of 83°. Although I 
purification by precipitation of the solid salt from a saturated j 
alcoholic solution through the addition of ether was tried, the 
yield was greatly decreased through solubility effect. The gum, 
therefore, was dissolved in a minimum of isobutyl alcohol and 
reprecipitated by adding ether and stirring vigorously. The 
process was repeated and the solid washed with ether. The neutr 1 
salt then dried easily and melted sharply at 87.0°-87.5°. 
Yield: 
Nitrogen: 
1,64 g.; 85.6% 
Theoretical: 7.32% 
Found: 7. 38%; 7. 36% 
The same solid was obtained with more ease by dissolving 
the 0.005 mole (0.97 g.) of piperazine hydrate in 20 cc. of ethe 
to which had been added a few drops of ethyl alcohol. To this 
solution was ad.ded the liquid acid, and immediately, an oily 
suspension became evident. Afper settling, the heavy viscous 
material was obtained by evaporation of the alcohol and ether . 
When dissolved in isobutyl alcohol and reprecipitated, as above, 
' 
from a cold solution., a pure white solid me:t"tin.g at 84,8° sepa-
rated. A second recrystalliza tion raised the melting point to 
that already recorded. 
Likewise, the salt which should have been easily obtained 
from p-methoxyethyl glycolic acid was prepared pure only after a 
slow transformation f~_om _a _ gu~a s~lid -~ta~e:_~The __ ~ix:~_r_~~~~~-~-~~-
1 
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of acid (1.34 g.) and base (0.97 g.) was first warmed and then 
diluted with 5 cc. of ether in an attempt to hasten the action, 
but after standing over sulfuric acid for twenty-four hours. it 
was necessary to precipitate from isobutyl alcohol three times 
before a distinct melting point was found. White needles, 
neutral in water solution, were then found to melt at 44.5-45.0°. 
Yield: 1.40 g.; 79.1% 
Nitrogen: Theoretical: 
Found: 
7.90% 
7 • 93jo; 7 • 87% 
47 .43~ 
47 .057&; 47.14% 
Carbon: Theoretical : 
Found: 
8.54% 
8.43%; 8.02% 
HYdrogen: Theoretical: 
Found: 
---=---=-=-=-=====.::.:._-::=.._·:;_ ___________ _ 
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Other Attempts to Prepare Ac'id Derivatives 
Although several other methods were tried in an effort to 
obtain a rapid means of identificatlon, the results dld not 
warrant continued work with them. For this reqson only a brief 
summary of the results obtained is necessary here. First, direc 
tiona as outllned by both Shriner and ]uson (12) an~ Kamm (13) 
were followed in trials carried out for the purpose of preparing 
a p-toluidide. In both cases the sodium salt of the acid is 
allowed to react with p-toluidine by the addition of concentrate 
hydrochloric acid and subsequent refluxing for thirty to sixty 
minutes . 
In this case, difficulty due to decomposition with heat 
was experienced in preparing the sodium salt by the usual neutra 
lization and evaporation to dryness method, so it was found 
necessary to neutralize carefully with 20% sodium hydroxide solu J 
tion and evaporate to a saturated solution. The addition of 
alcohol then caused tlw sodium salt to separate. The solid was 
filtered off and allowed to dry over calcium chloride. When thi 
was heated with p-toluid ine and the resulting mixture treated 
with ice-water no solid formed. Part of the p-toluidine, howeve , 
i 
was recovered by extraction of the original with alcohol followe 
I 
by evaporation, ana there were signs. of decomposition of the J 
! 
sodium salt; so this choice of derivative was discontinued . 
Donleavy(ll) , in 1936, showed that solid salts of organic 
acids could be easily prepared by adding a slight excess of a 
-------- ---
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e.. 45% hot ale oholic solution of S-benzyl thiuronium chloride to 
concentrated aqueous solution of the neutral sodium salt of the 
ac id. A crystalline product is usually obtained directly or by 
evaporation, and then recrystallized from alcohol. When this 
process was carried out using 1 g. of f'-ethoxyethyl glycolic 
acid and 1.35 g. of S ... benzyl thiuronium chloride dissolved in 
9.4 cc. of alcohol, no crystals were obtained after mixing and 
stirring vigorously. This solution was allowed to stand over-
night at oo and the alcohol evaporated at room temperature. The 
yellow oil which separated together with solid proved itself by 
its odor to be benzyl mercaptan. The white solid gave an 
unchanged melting point with urea. It was evident that hydroly-
sis was very marked and that even though some S-benzyl thiuroni 
salt may have been produe:ed, the disagreeableness of the mercap-
tan odor made the method unsuitable for identification purposes. 
/i 
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Discussion £!Results 
We may conclude, from the above that although each ether-
alcohol of the cellosolve and carbitol series may produce its 
respectivep·alkoxyethyl glycolic acid without any difficulty, a 
solid ester or salt is not easily formed from this. 
For example, methoxy and ethoxyethyl glycolic acid pre~ 
pared in good yield by the method of Palomaa and Siitonen (9) 
produced solid esters only after refluxing with p-phenylphenacyl 
bromide for 3-4 hours. It appears that even the slightest trace 
of unreacted acid in the solution lowers the melting point to 
such a degree that an oil is found upon isolation. Further, the 
low melting points actuallY found for these esters ind.icate that 
the liquid state would be the natural condition of the eaters 
with a heavier alkyl radical in the original celloaolve. 
In addition, piperazine hexahydrate formed a neutral salt 
with the acid with moderate ease, but the isolation of these 
salts was hindered by their persistence in separating from any 
recrystallizing solution in an oily form. Likewise, the possi-
bility of using p-toluidine or S-benzyl thiuronium chloride was 
rejected because of the experimental d.ifficulties already 
described. 
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PREPARA.TIOU OF ALKOXYETHOXY ACETONE 
Intro duction 
Just s a new compound containing the groupings 
R( OCH2cH2 )n 0- and .COOH may be formed by the use of c hloroacetic 
acid, so, too, may a compound containing a similar ether group 
combined with a carbonyl group be prepared by the use of chloro-
acetone. The mechanisms of the reactions, using the sodium salt 
of the ether-alcohol, are comparable with both reagents. Identi 
fication should then be possible by the formation of any common 
ketone derivative. 
Na > 
oxime, semicarbazone, hyd. razone, etc. •• 
Bouveault, (14) in 1904, is credited with the original 
proposal of introducing a carbonyl group for the purpose of 
identification. He prepared, while working with many alcohol~, 
whieh were difficult to distinguish by ordinary methods, the 
pyruvate and subsequently, the oximes of these. The first work 
with chloroacetone was done by Griffin (7) who formed what he 
termed "a red oil" by the interaction of the halo-ketone and 
sodium alcoholate. His attempts to prepare oximes and hydrazone 
with this compound were unsuccessful and no analysis or purifi-
cation was carried out. Therefore, it seemed advisable to 
continue this work, to the identification, at least, of this 
intermediate. 
This was tried in spite of the fact that Sommelet (15) 
reported that only resins were obtained from the reaction betwee 
sodium ethoxide and monochloroacetone. Later work (16) also 
ind. icated the peculiar . nature of the reaction but ft was reporte 
that ~1-93% of the alcohol reacted. This figure was arrived at 
only by precipitation of the halide ion. Evidently, like many 
other substituted ketones with hydrogen atoms on the alpha carbo 
the product may decompose in the basic medium. 
After it had been found, therefore, that any basic solutio 
~the sodium salt of the ether-3lcohol, ·or pyridine.-produced 
excessive resin formation, attempts were made to condense 
free alcohol and. c hloroacetone in the presence of neutral 
the 1 
calci~~ 
II 
carbonate to destroy any hydrogen chloride formed. Under these 
conditions, however, no reaction ensued. 
= =--
Experimental 
Exp. 1: Two trials were made using the sodium salt: 
A.-.... To 0.5 mole of CH3CH20oH2CH20Na prepared in the 
usual way from 45 g. of ethyl cellosolve and 11.5 g~ of metallic 
sodium in 150 cc. of absolute ether was added, with vigorous I 
I 
stirring, 23 g. (0.25 mole) of chloroacetone. The reaction 1 
appeared to be very exothermic and it was necessary to cool intel~ 
mittently. The mixture, which became colored a very dark red I 
I 
with the first addition of reagent, was refluxed on the steam 
bath for 30 minutes. 
The ethereal solution was then washed six or seven times 
with a total volume of 200 cc. of water. Because most of the 
color disappeared into this aqueous layer it was re-extracted 
with three 20 cc. portions of ether. After drying and distillin 
the ether, a sweet-smelling, dark residue (12 g.) was obtained. 
This was frac t ionally distilled under vacuum as in Table I. 
B-•win this oase, a solution of the sodium alcoholate 
I 
o I 
I 
I 
identical to that of A, was added dropwise to 46 g. (0.5 mole) 
chloroacetone mixed with 150 cc. of ether. The reaction vessel 
was maintained at 0° throughout the course of the addition, but 
the same brown murkiness appeared. After refluxing for one hour 
the mixture was treated as above and the residue distilled under 
vacuum. (Table I) 
Exp. 2: The vigor of the exothermic reaction was avoided, 
in large measure, by the use of pyridine as a condensing agent 
I 
27-
with the alcohol and halo-ketone. To a mixture of 45 g. (0.5 
mole) of ethyl cellosolve, 46 g. (0.5 mole) of chloroacetone, an 
100 cc. of dry benzene was added dropwise 44 g. {20% excess) of 
pyridine. The temperature rose only 5° (26-31°) but, after the 
addition wa s complete, as soon as heat was applied, a pasty 
brown solid began to form. Refluxing was continued for twenty-
five minutes during which time this precipitate, which was simi-
lar to that formed from pyridine and chloroacetone alone, gradu-
ally increased in volume. 
The mixture was extracted with small portions of dilute 
(20%) sulfuric acid until the odor of pyridine disappeared and 
the acid washings were re-extracted with three 15 cc. portions 
of benzene. After drying and evaporation of the organic solvent 
the residue was distilled. as above. (Table I) 
I 
I 
I 
I 
I 
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----------------------------------~~ Weight (g.) Pressure Fraction I 
_T_r _i _a_l _____ o_f __ R_e_s_i _du_e _______ l_mm __ ) _______ I ________ ~I-I ______ ~I-~-I----~1 
Exp . 1 
A---
B--• 
Exp . I I 
12 20 
16 25 
44 25 
9-10 g. 
64 ° 
~~--·-. -• :· : 
10 g . 
52-600 
( c ) 
__ ....,. 
28 g. 
60- 78 ° 
1.5 g. 
86° 
1 3 ;~: . (a) 
1700 
5.8 g.(b} 
860 
(a) There was a great deal of cha r ring toward the 
end o:f this distillation . The product was 
insolubl e in and heavi er t han ·wa ter. This 
_Jlil"Oduct was probably the de sired ketone , but 
it was not ana lyzed. 
(b) Ins olub l e i n water, negative halogen . The 
boiling point of ~ thyl cellosolve at 760 mm . 
is 135 • 
(c) The boiling point of chloroacetone at atmos-
pheric pressure was found to be 120-121° . 
*** 
EXp. 3: A neutra l medium was attained by the use of 
calcium carbonate. Ten grams of powdered limestone was stirred 
into a suspension in 18 g . (0.2 mole) of ethyl cellosolve and 
18 . 4 g . (0 . 2 mole ) of chloroacetone . The mixture was refluxed 
for two hours with a gas bottle fille d with caleium hydroxide at 
the end of t he condenser. No carbon dioxid.e was evolved during 
the treatment . However, the calcium carbonate was filtered of£ 
I 
and the mixture fractionally distilled . ]Tom this was obtained 1 
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92% of the original ketone and 81% of the cellosolve. --------~7--:===-=-= 
In general, it may be said that a mixture of the sodium 
sal t of ethyl cellosolve and chloroacetone produced an excessive 
amount of resin formation. The alcohol itself did not react when 
mixed with c hloroacetone in a neutral medium. 
---------
OXIDATION OF ETHYL CELLOSOLVE 
Introduction 
The cellosolves and carbitols, being primary alcohols, 
should be easily oxidized to the aldehyde or acid. In either 
case, the resultant product should be recognized simply by its 
customary derivatives . Although no oxidation products were 
recovered by Griffin (7) in various trials using alkaline per-
manganate, the oxidation of ethyl cellosolve has been carried 
out successfully using c bromic .o.:x:ide ( 1 '7). 
The present attempts were made using both potassium dichro 
ate-sulfuric acid mixture and alkaline permanganate . The latter 
reagent i .s theoretically more applicable, however, because of th 
tend.ency of the dicb.rorrate to prod.uce esters, aldehydes, and 
acetones (18) . 
A Using Potassium Dichromate 
The oxidation was carried out according to the directions 
given by Shriner and J!uson ( 19). To a mixture of 18 g. ( 0. 2 
mole) of ethyl cellosolve and 50 g. of sodium dichromate dis-
solved in 120 cc. of water was added dropwise '70 cc. of concen-
trated sulfuric acid. At this time a positive test for carbon 
dioxide was obtained at the end of the condenser and the mixture 
became colored dark green. Cooling was necessary from time to 
time in order to control the exothermic reaction. 
After refluxing for two hours, the solution was dark brown 
=~~~lor_an~ed to be some deCQPlPO_~~ !!l~~eri~~ -----===rr=:::-==-=--=--= 
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present. After cooling, however, the acidic mixture was poured 
into 250 cc. of water. Since there was no insoluble organic 
acid produced, the aqueous solution was extracted ten times with I 
ether ( 500 cc). After d.rying .over calcium sulfate and distilling j 
off the ether, a residue of 8.3 g. was obtained. 
Distillation produced 6.0 g. of ethyl glycolic acid boiling 1 
at 204-206°. The yield amounted to 29% of the theoretical. Ther 
were traces, also, of ethoxyacetaldehyde (71-73°). The recorded 
boiling points are, respectively, 206-207° (20) and 71-73° (21). 
B Using Potassium Permanganate !/ !i 
I Exp.· 1: A mixture of 18 g. (0 .2 mole) of ethyl cellosolve, 1 
800 cc. of water, 21.1 g. of potass~um permanganate and 6 cc. of 
10% sodium hydroxide solution was re f luxed until the purple color 
disappeared and was replaced by the customary precipitate of 
manganese dioxide. During this time no evolution of carbon di-
oxide was observed. Then, small portions of dilute permanganate 
solution were added until the pink color just barely persisted 
after refluxing for 1.5 to 2 hours. 
Upon acidification with 6N sulfuric acid, a gas, which 
gave a positive test with calcium hydroxide, was evolved. After 
the mixture had been ac id.ified., sodium bisulfite was aclded to 
dissolve the precipitate, and the resulting solution was extracte 
ten times with ether. After drying and. a.istilling as before, an 
acid yield of 33% (6.8 g.) was obtained . There were also traces 
of the ethoxyacetaldehyde. 
-------------·----------------------------- -
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Discussion of Results 
The oxidation of ethy~ cellosolve by the use of potassium 
d i c hromate seemed to indicate that some decomposition took pla ce 
1in the course of the react ion. This was proven by a positive · 
test for the evolution of carbon dioxide. It was posa ible, how-
ever, to recover some of the expected acid and aldehyde from the 
reaction mixture. The 29% recovery of ethoxyacetic acid when 
this reagent was used was increased by the use of alkaline per-i . 
~anganate . Again some carbon dioxide was evolved as the rea ction 
~ixture was made acidic. In spite of the decomposition which 
i · nl !Occurred, a 33i0 recovery of ethoxyacetic acid was realised. 
==--==:=.::: .. :!J:=-==· =--=--=-=- -
PREPARATION OF URETHANES OF THE CELLOSOLVES AND CARBITOLS 
Introduction 
Although there has been a great deal of work done on the 
esters commonly used for the identification of alcohols, no ref-
erences to the formation of various urethanes c.ould be found. 
The fact that Ashburn .Collet-t . aria Lazell (22}, prepared the 
~ -methoxy ana_ •ethoxy ethyl carbamates and found them to be 
solids melting, respectively, at 46.8° and 62.,2° made it entirel 
probable theN-substituted carbamates should be higher melting 
compounds. :Palomaa ( 23} used o<..-naphthyl isoc'yana te in his work 
·;:~ '::~ ... 
with derivatives of alcohols. Later, more suitable solids were 
obtained by the use of p-nitrophenyl isocyanate (24). 
Each of these reagents is widely applied at the present 
time. The reaction proceeds as follows: 
( 
R--N~C•O • R'OI~I~-- ------~) R--N•C--OH ------~)~ R--NHCOOR' 
I 
OR ' 
The procedure for this identification menhod is extremely 
simple for it consists of merely heating approximately equimo-
lecular quantities of the reagents on the steam-bath for 5-10 
minutes and, then cooling. If, however, care is not taken to 
exclude all the moisture, the urethane will be hydrolyzed to the 
corresponding disubstituted urea (ID~HCONHR) . Extraction with 
ligroin or carbon tetrachloride eliminates this undesirable 
impurity. Suitable derivatives were obtained by the use of 
=======- -=================== 
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these direc t ions, with methyl and ethyl cellosolve ando<.-naphthyl 
isocyanate but with butyl cellosolve and the carbitols, oils or 
gummy solids were obtained. 
Naturally, N,N-disubstituted carbamates cannot be prepared 
by the use of an isocyanate, hut Herzog (25) pointed out that a 
carbamyl chloride, e.g., diphenyl ca rbamyl chloride, will react 
with alcohols, particularly in the presence of a condensing 
agent such as pyridine to produce such compounds. 
Although this method did not prove feasible for identifica-
tion of all 'ether-alcohols tried, the products were of interest 
because of the comparison with the unsubstituted carbamate of 
Ashburn, Collett, and Lazell (22). The only suitable series of 
urethanes were those prepared from the p-nitrophenyl isocyanate. 
I 
l--------------·------
I 
Purification of Reagents 
Ether~Alcohola: Purified according to the directions 
given on page 7. Each compound, for use, was collected over a 
range of 2°. 
~-Naphthyl Isocyanate (E.K. 1816): Used without 
further purification. 
Diphenylcarbamyl Chloride (E.K. 801) 
~-Nitrophenyl Isocyanate fE.K. P 3185): The granular 
solid was ground to fine particle size and stored in a desiccator 
over concentrated sulfuric acid; M.P. 57-57.5°. 
Pyridine: Directions on Page 7 followed. 
Petroleum Ether (C.P.-Baker's Analyzed). Redistilled. 
B.P. 36-60°. 
Ligroin: ~ryness was insured by the addition of 
"Drierite" and redi sti.llation. B.P. 70-75°. 
Carbon Tetrachlo~ide: (Howe anQ French): Technical 
grade. This was dried over calcium sulfate for 48 hours and 
redistilled. B.P. 78° 
==---==fl--~J : I 
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E:xp .er imen tal 
I Formation of N-Naphthyl Carbamates 
In each case equimolecular quantities of the ether-
ale ohol and. Q(-naphthyl isocyanate were heated in a test tube on 
the steam-bath for a length of time corresponding to that given 
in Table IV. The tube was then placed in an ice-bath and scratch d 
intermittently until crystallization started. This time interval 
varied with t re ale ohol used, for those of higher molecular 
weight required more time. The solid was then extracted, in turn 
with ligroin, petroleum ether, and carbon tetrachloride, and the 
crystals, obtained f:r~om each, combined anc1 recrystallized from 
either carbon tetrachloride or a mixture of carbon tetrachloride 
and ligroin (2:3). In no experiment was a definite, workable 
solid· obtained with the carbitols, but, strangely, the gummy 
solid which separated from the ligroin or carbon tetrachloride 
did not completely d.issolve in the same reagent when recrystal ... 
lization was attempted. Likewise, the recrystallized ·solid was 
partly insoluble when solution of it again was tried. From this, 
it seemed apparent that the expected urethane was decomposing in 
solution into some dinaphthyl urea. The gummy solid, also, was 
notimproved upon by working it on a porous plate. A summary: 
-----'=--=:14==·===-=--=--==~-=-===---=======-==-==-==--=-=-=~--:=-==--=-------=--· ··-=-------=--=- ---==----=-::..--= 
I 
I 
·38 .. 
-- -- -
- ---- .. . -- --- ---=--=--====:-:.::::..==-==-====-=--=-=--=-·=====: . .::--=.-::::::-.;..__ ·---· -
-· co=::.:c·.::=-::=:.:-=-=::::::=-=-::- :..::.:-:::.·.:..:-:::::::=.::. 
··-·· -
TABLE II 
I 
I 
~ A•amount of ale o hol used I B:amount of o<..-napht hyl isocyanate used 
I 
Time Time 
Heated Cooled 
Alcohol A B (min.) (min.) Yield 
Methyl 1.0 g. 2.2 g. 88% 
Cello solve .013 mole .013 mole 2 10 2.8 
Ethyl 
Cello solve 1.8 g. 3.4 g. 4.1 
.020 mole .020 mole 5 120 81% 
Butyl 
Cello solve 4.1 g. 4.8 g. 7.1 (b) 
Trial .035 mole .029 mole 15 240 (a) 84% 
Trial 2 1.7 g. 2.2 g. 
---
. 014 mole .013 mole 30 480 (a) 
---
Trial 3 2.0 g. 1.4 g. 
---
.017 mole .008 mole 7 720 (a) 
---
Trial 4 1.0 g. 1.5 g. 
--· 
.0085 mole .009 mole 10 720 (a) 
--- I 
Methyl 
Carbitol 1.1 g. 1.8 g. 1.7 (c) 
.009 mole .011. mole 10 480 67% 
Ethyl 
Carbi tol 1.1 g. 1.5 g. 1.3 (c) 
.008 mole .009 mole 5 15 65% 
(a) No definite solid formed even, in one 
~ case, on 48 hours standing. A gelatinous-like mixture was obtained. (b) The product obtained only as an impure 
Oil, which could not be solidified by stanting 
in an iee-aal t bath. Attempts at distillation 
failed because of decomposition ( e ) The gummy solid could not be entirely 
.. -- ~1P-~1-~.e..n±:a:~:o.3 ::::P-.B:O-~¥-Bt-s--
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TABLE III 
18Uli stTtu ted 
oc 
Nitrogen Con tent 
Urethane of M.P. Calc. Found 
Methyl 
5.71% 5.80%; 5.80% Cellosolve 112.5 ... 113.0 
Ethyl 
5.405& 5.19%; 5.33% Cellosol ve 67.3-67.5 
=====~~=============~======~=~=======·==~========~========~~==============~---·-
II Formation of N (£-nitrophenyl) Carbamates 
In general, the reaction betweejl the ether-alcohols 
I 
' and p-nitrophenyl isocyanate was carr i ed out as previously 
described in the preparation of N-naphthyl urethanes. This 
reagent worked exceedingly well in the case of the cellosolves 
but required careful manipulation when applied to the carbitols. 
typical example of each follows: 
E;p. 1: When 0.8 g; (0.01 mole) of methyl cellosolve 
(0.01 mole) of p-nitrophenyl isocyanate were mixed in 
test tube there was a rapid reaction as evidenced by the heat 
The mixture, however, was heated on the steam-bath for 
i ve minutes, but care was taken t o exclude all moisture. After 
ooling in an ice-bath for fifteen minutes, the solid was extract d 
10 cc. portions of hot ligroin and carbon tetra -
A small amount of insoluble, yellow powder, the d1(p-
itrophenyl)urea, remained behind. 
As the extracts were cooled, a yellow solid was deposited 
each-that from the carbon tetrachloride being much greater 
(This latter reagent was used alone in subsequent 
The solid was collected, recrystallizeq from carbon 
etrachloride, dried in a vacuum desiccator, and weighed. Yield: 
,7 g., or 70.7%. This was increased to 2.1 g. or 87.4% by a 
extraction of the original mixture with carbon tetrachlor-
de. 
.Exp. 2: Because of the greater solubility in carbon 
derivatives, the I 
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I 
etrachloride of the ethyl and butyl carbitol 
I 
I 
- --
a-rz-e·c-tions wei·e-modiffea~- to some extent. Furthermore, sirice-rt -
was found that the quantity of disubstituted urea in these cases 
was usually greater, extra precautions for dryness were taken. 
The et rer-slcohol was dried first over "Drieri te" for two days, 
distilled into a flask containing pellets of sodium hydroxide, 
allowed to stand overnight and redistilled. The~, using ethyl 
carbitol as an example, 1.3 g. (0.01 mole) ·Of the ether-alcohol 
was mixed with 1.6 g. {0.01 mole) of p-nitrophenyl isocyanate. 
Although the heat of reaction was great, the mixture was heated 
for five to seven minutes on the steam-bath. After cooling for 
thirty to forty-five minutes in an ice-salt bath, the gelatinous 
solid was extracted with two 8-10 cc. portions of hot carbon 
tetrachloride. The remaining solid was filtered off, and, if any 
oil separated during this process, it was redissolved in the 
combined solvent extracts. Upon cooling at oo overnight, a small 
molmt of light ye llow solid (I) separated. This was filtered of 
nd the fi l tra te evapora ted by means of _§met ion and gentle warm-
to 2-3 co .• of viscous solution. a solid separated from this 
hen it was allowed to stand for twelve hours at 0°. A porcelain 
hip was often of aid in this crystallization. The solid was 
ollected, dried on a porous plate, and r_ecrystallized from 
arbon tetrachloride-l igroin mixture (2:3). Yield: 1.6 g., 52.1 • 
The first solid (I) obtained in the case of these two car-
itols was very gelatinous ::~ and did not have a marked solubility 
hen recrystallization was attempted. In addition, in each trial 
hen a melting point was taken, the solid was f ound to melt 
lowly. a t a . high temperature. It was, therefore, concluded that 
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this was a small amount of the undesirable ure~. 
The resulta of other experiments are summarized in Table IV 
~ TABLE IV 
:N(p-nitrophenyl) Carbamate a of Cellosolves and Carbitola 
Alcohol Weight M.P. Nitrogen Content 
Used .01 mole Yield oc Calc. Found 
Me thyl 2.1 ~· 111.0- 11. 665'~ 11.83%; 11.41% ,, Celloso1ve .76 87 . 4·'~ 111. 4 
I Ethyl 2.0 §• 79.4- I Ce11oso1ve ,90 80. O)a 80.1 (a) 10 . 93% 10.97%; 10.95% i 
! 
Butyl 2.2 ~· 58.7-Ce1losolve 1.18 78. 5°~ 59.1 (b) 9.86% 9. 9sr; ; 10.15% 
I Methyl 1.9 ~· 73.4-
10.03% II Carbitol 1•20 67 • 9/o 73.7 (a} 10 . 14% 9.95%; (c) 
Ethyl 1 . 6 M_· 65.8-
Ce.rbitol 1.34 52.1/o 66.3 (c) 9.40% 9.58%; 9.53% 
Butyl 2.1 ~ · 54.5-Carbitol 1.60 65. 6jo 55.3 (b) 8. 54~~ 8.79%; 8.70% 
(a) Mixed melting point: 62-66° I (b) Mixed melting point: 55-57 ° 
t c) Mixed melting point: 57.;.64° 
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III Formation of N,N-Diphenyl Carbamates 
For purposes of comparison the preparation of these 
compounds was a ttempted according to the directions given by 
Herzog (25 ) . 
B C H --~~ 6 ~l~COOR + B. IICl 
C6H5 . 
Therefore, 2.3 g. (0.01 mole) of diphenylcarbamyl chloride 
was mixed in a test tube with 0.8 g. (O.Ol mole plus slight 
excess) of methyl cellosolve and 5 co. of pyridine. The mixture 
was heated on the steam-bath for two hours, poured onto 15 g. of 
crushed ice and stirred well. The insoluble oil which separated 
first solidified after about ten minutes. The water was decanted 
I and the solid recrystallized as white needles from ligro in. M.P.j 
50.3-50.8°; yield: 2.0 g., 74.o%. j, 
Nitrogen i 
Calc: 5.44% ~~ 
Found: 5 •. 20;~ ; 5. 29% 
When the same procedure was applied to 1.0 g. (O .Ol mole I 
I 
plus a slight excess) of ethyl cellosolve, tbe oily product faile~ 
to solidify even after standing in the water solution for forty- II 
eight hours. The water was then pipetted off and the residua1 I 
oil dissolved in ligroin, decolorized by the use of Norite, and a l 
a. concentrated solution allowed to stand at 0°. The solid was agai 
recrystallized from ligroin. M.P .: 50.8-51.00; yield 2.0 g., 
71.3%. 
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nitrogen: 
Calc. : 
Found : 
5.12% 
4.94%; 5.03% 
Mixed melting point with the methyl cello solve deriva-i 
tives (N,lT-diphenyl beta methoxyethyl carbamate); 41.5~43.oo. / 
The oil, in the case of butyl cellosolve, could not be I 
solidified by :standing or treatment as above. 
-----
-------
Discussion of Results 
A series of derivatives suitable for qualitative organic 
analysis of the cellosolv.es and carbitols was successfully pre-
pared by the use of p-nitrophenyl isocyanate. The resulting 
urethanes were easily obtainable and melted sharply. 
In addition, solid carbamates were formed from the inter-
reaction of the cellosolves (methyl ana ethyl) with, in turn, 
o(-naphthyl isocyanate and diphenylcarbamyl chloride. Results 
and analyses are summarized. 
--=--=-== 
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IDENTIFICATION OF THE CELLOSOLVES AND CARB ITOLS BY THE 
FORMATION OF p-NITROBENZOATES AND SUBSEQUENT REDUCTION 
OF THE PROIUC"T$ 
Introduction 
Earlier, it was mentioned that the simple and substituted 
esters of the cellosolves and carbitols are, for the most part, 
liquids . Conn, Collett, and Lazell (3), however, found that the 
condensation of p-nitrobenzoyl chloride with methyl cellosolve in 
the presence of pyridine produced a low-melting solid. Also, the 
same authors (4) catalytically reduced the series of beta-alkoxy-
1 
ethyl p-nitrobenzoates to the uorre sponding amines and found theJ 
! 
to be solids . No work was done with the simil ar carbitols. i 
I Later, Veraguth and Diehl (6) prepared solid 3-nitrophthal-1 
ates of the cellosolves and of methyl carbitol. A great deal of 
difficulty was experienced in s olicl ifying the oils first formed , 
and those from ethyl and butyl carbitol failed to crystallize 
even after standing at 0° for several days. 
It was predicted, by analogy with the p- aminobenzoates, tha 
the p-carbalkoxyhydroxylamines which would r esult from neutra l 
reduction of the p-nitrobenzoate s by means of zinc ana_ ammonium 
chloride would be solids. Such a reaction was attempted, but 
because of the multiplicity of products obtained, reduc t ion 
directly to the amine became necessary. The hydrolysis which was 
feared as a possible result of heating the nitro ester in anythi 
uta neutral solution was not evident. The saponification speea 1 
--------- - -- ---
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of both the p-ni tro- and. p-aminobenzoate, is apparently, much / 
less than that of the unsubstituted ester. I This is supported by 1 
the results of Kindler ( 26) who worked up on the saponification 
of ethyl p-aminobenzoate. 
I 
I 
When the complete series of amino esters had been prepared, ' 
they were compared with the sa me compounds obtained by Conn, 
Collett, and Lazell (4). In add ition, the derivatives of the 
carbi t ols, with the exception of the butyl member, were found. to 
be solids. The results are given in Table VII, p. 64. 
The fail1.1re of the r- (p'-butoxyethoxy)-ethyl-p-e.minoben-
zoa te to solidify made an additional step necessary. After salt 
formation wi th dry hydrogen chloride failed, the esters were 
diazoti zed and coupled with a.:tmethylaniline to produce p-( p -al-
koxycarbethoxy)-benzeneazo~p'-dimethylanilines and P'l'-YB' a l koxy-
ethoxy) -carbethoxy -benzeneazo-p'-dimethylanilines. 
The general scheme for analysis: 
R( OH4 02 )n 000 <>-1~=1~-<=>N ( C~ )2 
n= 1 or 2 
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Purification of Reagents 
~-Nitrobenzoyl Chloride ( ~ .K. 499): C.P.: The 
light-yellow solid was used with no further puri f ication. 
Pyridine ( Howe ano :B,renc h' s tee hnical grane ) : The 
impure liquid was refluxeo. with one-qua rter of its weight of un-
slaked lime f or thirty-six hours ancl, then, redistilled through 
a fractiona ting column 25 mm. long. The main portion passed over 
at 127-129°. Although this boiling point was, of course, incor- 1 
'I 
rect, the base was found to give a correct equivalent weight wit 
O.lN HCl. A second or third distillation failed to change the 
observed boiling range . 
Benzene -Thiophene- free benzene was d istilled twice 
through a fractionating column 25 mm. long. In each case the 
first quarter was discarded in order to completely dry the pro-
o duct. Boiling point: 79.5 • 
Ether-Ale.ohols: These were purified, a.s before, 
by allo ·:Iing to stand over calcium sulfate (Drieri te) for two 
days and redistilling. 1 The middle quarters were collected in 
each case. ( j 
I 
Pic ric Acid: Student preparation recrystallized 
I 
three times f'rom )hot a.lc:ohol. M • .P.: 121.7° .. I. 
Dimethylanliline;. ·student preparation was distill d 
and middle portions collected. The absence of methyl aniline 
was proven by an attempt to form an acetyl derivative. B.P.: 
192.5°. 
Experimental 
I ~sterification Using p-Nitrobenzoyl Chloride 
In the first trials, the method as outlined by Conn, 
Coll.ett 1 and Lazell (3) was rigidly adhex'ed to. By this proce-
dure any known quantity of glycol ether was mixed with an excess 
of purified pyrid.ine in a dry flask, and an equivalent amount of 
p-nitrobenzoyl chloride, dissolved in the smallest amount of 
anhydrous ether possible, was slowly added through a separatory 
funnel while the contents of the flask were being vigorously 
II 
stirred. The mixture was cooled by means of an ice-bath through I 
out the course of this acl di t ion anCI, finally, the flask was 1 
allowed to stand for two ho1rrs or longer, if possible, at room I 
temperature. I 
Dilut e sulfuric acid (6N) was then added until the pyridin I 
was completely extracted from the ether and all of the precipi-
tated hydrochloride had dissolved. The upper ethereal layer 
containing the ester, was washed, in turn, with water, dilute 
sulfuric acid, dilute (20~b) sodium carbonate solu ttlon-; and then 
three times with water. It was necessary to wash repeatedly in 
the case of the carbonate in order to free the solution of any 
unchanged or hydrolyzed p-nitrobenzoyl chloride. Therefore, the 
washing was continued until upon aciCI..ification of the extracts, 
no further precipitation of p-nitrobenzoic acid was visible. 
After drying over anhydrous sodium sulfate the ester was 
distilled under eit her atmospheric or reduced pressure (Method A 
I 
I 
I 
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Because of the inconvenience, however, of allowing the 
reaction mixture to stand two or more hours in order to complete 
the r eaction, it was decided to attempt esterification at eleva-
ted temperatures. The method applied by Adams and co-authors (27 
wa s adapted for this purpose. According to these directions 
equi~molecular quantities of ether-alcohol and acid chloride were 
dissolved in pure, dry benzene under a reflux condenser. A slig 
excess of pyridine was then slowl y added by means of a dropping 
funnel. Various trials showed that if the addition of base, wit 
its accompanying exothermic reaction, and_ coolipg were regulated 
to keep the temperature of the mixture about 40° best results 
could be obtained.. Finally, the benzene solution was reflu.xed 
for ten minutes when the reaction was consid.ered to be complete. 
after drying the solution over calcium sulfate and evaporating, 
the product was obtained pure by distillation (Method B). 
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TABLE V 
p-Nitrobenzoates of Celloaolvea and Carbitola 
!Alcohol 
Used 
Methyl 
Cellosolve 
Ethyl 
Cellosolve 
Butyl 
Cello solve 
Et hyl 
Carbitol 
Butyl 
Carbitol 
Weight 
g. 
11.4 
.15 mole 
11.5 
.125 mole 
17.7 
.15 mole 
8.4 
.063 mole 
20.3 
.125 mole 
(a) 
(b) 
(c) 
(! Excess Yield Ba:U.ing Point 
Pyridine tJ/.. Observed Recorded ;0 
(16 mm) (4 mm) 
192.5-195.0° 158.3-160.3° 
0 81.3 (a) 
100 73.6 197.0-199.0 0 163.5-164.5c (c) 
I 
I 
0 82.0 208.8-211.0 0 179.0-180.o 0 J 
100 68.3 222.5-224.0 0 ( b} 
100 77.3 246.0-249.0 0 
Melting point: 50.2° 
Upon sta.na.ing overnight this 
solidified to a gummy, waxlike 
solid. 
207.0-209.oc 
230.0-232.0c 
This ester wa s prepared by Method 
A with a yield of 96~. 
I 
I 
I 
I 
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II Reduction of p-Nitrobenz oate s 
A Using Ammonium Chloride and Zinc 
The first attempts to reduce t be p-ni tro ester were mde i 
an effort to obtain an hydroxylamine. Such a reduction, accord-
ing to Shriner and l.!'uson {28) occurs in a neutral solution by 
mixing 5 cc. of the nitrobenzene derivative with 10 cc. of 50% 
alcohol. To this is aa.ded 0.5 g. of ammonium chloride and an 
equal amount of zinc dust. The mi.xture is t hun shaken and 
heated to boiling. After standing five minut~s, a positive test 
with Tollen's reagent indicates the formation of an hydroxyl-
amine. This general method was applied with some slight c hanges. 
Exp. 1: The first reduction was carried out using amounts 
proportional to those used in the recognized directions. To 4.2 
g. (3.5 cc., 0.018 mole) of the beta-ethoxyethyl-p ... nitrobenzoate 
(B.P. 184° at 10 mm) was added 60 cc. of 50% alcohol and 3.5 g. 
each of ammonium chloride and zinc dust. After heating to 
boiling for two or three minutes and filtering, the alcohol was 
evaporated on a steam-bath until a red oily liquid separated at 
I 
I 
the bottom of the vessel. The remaining solution ~d oil was the. 
extracted three times with e ther, and the extracts, in turn, 
washed with water. A heavy white inorganic precipitate at the 
interface necessitated the filtr a tion of the red ether layer. 
I 
' I 
I 
I 
I 
I 
1
1
After drying the etherea l solution 
j twelve hours, evaporation produced 
over calcium sulfate for 
! 
I 
I 
I 
the pure oil, red in color. i 
I Distillation under vacuum of this 
52-
Ia wide boiling range in the vicinity of 
i 
product showed 1 t to haveil 
2330 ~der 14 mm, p:essurir~~==~c~~ 
I 
I 
!. 
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When dry hydrogen chloride was bubbled into an absolute 
ether solution of this oily ctistillate, a white solid separated. /1 
The melting point before purification was 138-145°. The bydrogei 
chloride salt of p-hydroxylaminobenzoic acid, which was ~te. st .e.d ~~~ 
because of the possibilities of hydrolysis, sublimed at a higher 1 
I temperature. 
Exp. 2: While using the same reagents as above with the 
substitution of 75fo alcohol for the 50% previously employed, the / 
same red oil as above was produceo. . When obtained pure by eva- 1J 
.I 
poration of the dried ether ext racts a s before, this product was !1 
d 
divided into three portions. il 
'I 
'I The first wa s tested for salt formation in the usual way 11 
I 
I 
with dry hy<lrogen chloriC'-e. Instead. of the expected solid hydro-i 
I 
I 
jl 
chloride, a yellow oil, which disappeared when water was added, 
was found to separate. 
I 
The second portion was warmed for ten minutes on the steam I 
bath. By this operation the oil seemed to become more viscous, 
and finally, it was cooled in an ice-bath until the entire mass 
solidified after four hours. Crystallization was aided by a 
porcelain chip. After drying on a porous plate overnight this 
yellow-red solid melted at 74° (unc orrected). ]Urthermore, dry 
hydrogen chloride reacted with thi s to produce a fine, white, 
flaky precipitate which was very soluble in water and appeared t 
turn yellow on long exposure to the air. Dilute sodium hydroxid 
not only destroyed the salt but, upon heating, saponified the 
oil. 
I 
~~~~''- T IJf: r _elllfl in~~~~--,~~",~t 1 on was war roo d over a fr ee flame for _ fi l = =~~= _ 
I ' II 
il 
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with great care being taken to avoid decomposition. The i 
I 
iquid was then quickly cooled in an icewbath until a thick semi- 1 
olid formed. This occurred after five minutes. The dry hydro-
hloride of this compound melted. at 148°. (Compare Exp. 1). 
/Surprisingly the ethereal filtrate from the separation of this 
I 
salt, deposited bright red needles. M.P.: 94 • 8 ° ( C orr • ) • 
It was evident from these tests that no product was obtaine 
from this reduction. Inetea~,the hydrochloride obtained in 
experiments (M.P.: 138-145°, 148°} agrees in physical con-
tants with a known sample of beta-ethoxyethyl-p-aminobenzoate 
(M.P.: 1~8° d.) while the bright red needles 
esulting from evaporation of the ethereal filtrate of this hydro 
hlor ide appears to be the p, p' -di- ( p -ethoxycarbethoxy) -azoben-
·, ene reported as melting at 97° (uncorrectecl) (29). Supporting 
evidence for this is found in the fact that Kroesche (30) reporte 
reduction of hydr~zo, azo, and amino compounds from the reductio 
of nitrobenzene with zinc dust in acid solution. The expected ! -
ydroxylamine may undergo an intramolecular oxidation-reduction I 
I 
the production of the amine and a· nitroso compound. / 
o postulate further, the nitroso compound by an intermolecular 
xid.ation-reduction with the hydroxylamine could. produce the aso 1 
' 
I 
ompound. I 
l In any event, the procedure appeared to be unfit for quali- 1 ative organic analysis. More drastic methods (e.g., metal and i 
r 
! 
cid combinations) were then resorted to. ' 
I, 11 
II 
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B Using Iron Powder and HYdrochloric Acid 
In 1~26 Adams and co-workers outlined their method for the i 
reduction of nitro eaters to the corresponding amines. This pro~ 
eedure consisted of mi x ing any given weight of the compound to be! 
reduced with a large excess of iron powder and sufficient water t ! 
I 
form a paste. To this was then added 1 cc. of concentrated 1 
hydrochloric acid for each 25 g. of ester used and the mixture 
was stirred until the reduction was complete. Warming or cooling 
was necessary at intervals as the reaction proceeded. .l!1inally, 
when no more heat was evolved; the paste was heated on the steam-
paste was formed of this by adding about 6 cc. of water. After 
the addition of 0.2 cc. of concentrated hydrochloric acid, the 
ixture was warmed gently until the exothermic reaction started. 
became necessary a f ter a short while , but the reaction 
easel remained warm for about twenty minutes. .At the end of 
his time 0.6 cc. additional hydrochloric acid was added and 
arming on the steam-bath was continu~d for thirty minutes. 
The mixture, still pasty, was then extracted with two 15 cc 
ortions of hot benzene. After f iltration and distillation of 
enzene, a yellow liquid residue remained. Upon cooling this 
suddenly in an ice-bath, a light yellow colored solid 
formed. After two recrystallizations from 50% alcohol thi s 
substance melted at 77 . 5-78 . 0° (corrected ). Boil ing point : 
22.5-227° a t 16 mm. pressure. Yield: 3.8 g., or 86.3%. 
Properties ~ derivatives: 
Solubility--soluble in all organic liquids and 
dilute acids, but insoluble in water. 
Halogen test--negative 
Test for NH2--aiazotization and coupling to beta-naphthol produced a red pre-
cipitate. 
Salt formation--dry hydrogen chlorid.e produced a 
white precipitate which was recrystql-
lized from benzene to which was added 
a few drops (0.5 cc.) of alcohol. · 
Melting point was indistinc t but ap-
peared to be between 146-148° corr. 
Picrate--prepared in . the usual way from 0. 3 g . of 
the amino ester and 10 cc. of saturated 
alcoholic solution of picr ic acid. It 
was necessary to add water and scrape 
the sides of the tube to form yellow 
neeaes after twenty-four hours. Recrys-
tallization was effected by adding water 
to a saturated alcoholic solution. This 
produced rat her we ll-def ined needles 
melting at 93.8-94.0° corrected . 
Exp. 2: Five grams of p -(,S'-ethoxyethoxy)-ethyl-p-
n trobenzoate was reduced in the same manner as t hat of Exp . 1~ 
Upon distillation of the benzene used for the extraction of the 
reducing mixture, a ~.ark brovm liquid was obltaine d . This sub-
stance could be solidified rap idly only by means of a carbon 
dioxide-ace tone bath wh ich caused. the com_pounc1 to solidify after 
bout twenty minutes. The ester did, however, show signs of 
I 
temperature. The / rystallization upon standing overnight a t room 
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at 12 mm. pressure. 
Properties and derivatives: 
Solubility--e~sily soluble in organic solvents and 
dilute acids . 
Halogen test--negative 
Test for NH --diazotization and. coupling with beta-
2naphthol produced a bright red precipitate . 
Salt formation-~~ voluminous precipitate was formed 
from an ethereal solution of the amino 
ester with dry hydrogen chloride . It 
was necessery, however, to recrystallize 
it while still moist with ether otherwise 
the solid was lost, due, probably to a 
hygroscopic action . The pure substance 
was separated as poorly defined crystals 
after two recrystallizations from benzene 
to -which had been added a. few drops of 
alcohol. Melting point: 156 . 5°-15B.oo. 
Mixed melting point with the hydrochloride 
of beta-ethoxyethyl-p-aminobenzoate: 143-
1460. 
Picrate- -all attempts to prepare a picrate in the usua l 
manner led to a sticky solid or without 
cooling, a yellow oil . 
Because of the relatively wide melting point range of 
the hydrochlorides and the small difference between those of the 
two obtained , it seemed advisable to attempt to prepare a more 
satisfactory derivative. With this in mind the following reac-
tiona were tried: 
' 
!I 
I 
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Reagent 
B.enzoyl chloride 
Acetyl chloride 
p-Bromobenzensu lfonyl 
chloride 
Benzenesulfonyl chloride 
p-Toluene sulfonyl chloride 
Dimethylaniline (after di-
a zotization) 
TABLE VI 
p -ethoxyethyl 
ester 
solid 
solid 
solid ( yielct 
solid 
oil 
red solid 
p·lp -et hoxyet hoxy)-
ethyl ester 
oil 
oil 
poor) negative 
oil 
oil 
red solid 
Eac h experiment was carried out accord.ing to the d irections 
given by recognized qualitative analysis sources. The only ex-
periment to pro duce result s which encouraged further experimenta-
tion was that in which d imethylaniline was used as a coupling 
agent. These experiments, therefore, were continued . 
Exp. 3: Ten grams (0 . 036 mole) of the purified 
p-(f> ' -but oxyet hoxy) -ethyl p-ni trobenzoate was reduced according 
to the directions given in experiments 1 ana. 2. Although d.ams 
(27) recomm~nded warming of the ester with the reducing mixture 
for one to two hours, thirty minutes was found. suf f icient in the 
above trials; so the sam-e time was again used in this experiment~ 
The oil pro duced after distillation of the benzene resisted all 
I 
-
' 
1 I 
pressure . Yield: 87.2%. I 
efforts to soli ify it . Boiling point: 255-259° at 14 mm. 
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me t hod, however, were aroused when part of the d.istilled amino 
ester remained undissolved in dilute hydrochloric acio. The un-
dissolved fraction (nitro ester) was dissolved in benzene and, 
upon recovery, subjected to a ' second reduction. The amino ester 
was recoverecl by neutralize. tion with 20% sodium hydroxide solu-
tion followed by extraction with three 15 cc. portions of warm 
benzene . 
Because, however, of the length of time required to obtain 
a pure product by this method, reduction with tin and hydrochlor-
ic acid was tried. 
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C Using Tin and gyarochloric Acid 
The general well ... known method. of reducing a compound by 
ii means of tin and hydrochloric aci c. requires, according to Shriner 
!I 
i l pand Fuson (31}, the addition of dilute acid (10%) to a mixture of 
I 
th~ nitro compound with twice its weight of granulated tin. The 
acid (20 cc. for each gram of nitro compound) is added in small 
portions through a reflux condenser. Finally, the reaction flask 
is heated on a steam-bath for ten minutes and sufficient sodium 
hydroxi de solution is added, whi le the mixture is still warm, to 
dissolve the stannous hydroxide. Several extractions with 10 cc. 
ortions of ether followed by drying over Drierite and evapora-
tion produces the pure amino derivatives. 
I 
I 
I· 
I 
Exp. 1: Using,S-()3'-but oxyetho:xy) ... ethyl p-nitro- 1 
i! 
II enzoate: The outlined directions were carried out using 12 g. 
(0.04 mol:e) of~-(p'-butoxyethoxy)-ethyl p-nitrobenzoate com~ined i ll 
ith 20 g. of granulated tin. Upon addition of 75 cc. of 10% I 
ydrochloric acic1 solution a violent exothermic reaction started ! 
ut subsided after about five minutes. The flask was, therefore, I 
ated under reflux for thirty minutes. Any unreacted nitro este , 
[tvas then separated by shaking with 20 cc. portions of benzene. 
f inally, the amino compound was isolated as directed. Only 4 cc. 
11\ r: f the basic product was obtaine d, however. 
Exp. 2: Usingp-l,S'-ethoxyethoxy)-ethyl p-nitro-
lfenzoa te: The total yield of p-ni trobenzoate obtained from 16.8 
,, 0.125 mole) of ethyl carbitol was mixed with 40 g. of granulated 
" \~in. As 80 cc. of hydrochloric acid solution was added in small 
60 ... 
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Jl 
small portions to the flask , it was warmed gently in order to 
start the r eaction. Becaus e th~action was sluggish, the flask 
was placed under a rotary stirrer and 40 co. of concentrated 
jl 
! 
i 
acid a dded. As the mixture started to c ool, it wa s placed over il 
s team-ba th and hea ted for one hour. j! 
Although very little heterogene ity rema.ined, the solution !I 
was extracted twice with 20 ce, port ions of benzene. After dilul l 
tion and addition of sodium hydroxide solution until ~ost of the 
stannous hydroxide had disappeared, it wa s a gain extracted--this 
time with four 30 co. portions of ether. Separation was diff i-
cult because of a.n emulsion at the inter f ace, but, finally the 
ether layer was dried over "Drierite" and evaporated, 
The residue was colored light yellow and. showed signs of 
solidification upon stand.ing in an ice-ba th for twenty minutes. 
Weight of residue: 
% yield: 
10.3 .g. 
32. 97~ (over-all) 
The best methoo_ of solidifying this residue was found to be 
pouring the warm amino benzoate upon ice and allowing it to stand 
thus overnight. A. portion was then recrystallized from water-
61-
lcohol (1:1) mixture. The solid a f ter two such recrystallizatio s 
elted at 64.4° corrected. I 
A picrate was prepared with grea t d.ifficul ty because of the i 
olubility of this derivative in alcohol. Finally, it was \ · 
obtained in poor yield as a sticky solid melting at 181-184°. \ 
I Exp, 3: Using p-Cp•-butoxyethoxy)-ethyl p-nitro- ! 
i 
enzoate: The unreduced ester obta ined from 0.1 mole of butyl f\ 
ar bitol (11.8 g.) wa s reduc ed as in experiment 1 using, however, il 
~ ---~·-~ ~~ · . -· .... . ~~ . -~~~~=-~==~=~~~~~ .... T·-- ~-·=~· 
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40 co. concentrated hydrochloric acid with 20 g. of·· -~-ra:-~ui-~t~d----·T··----·----== 
tin. The concentra ted acid was employed because it was found 
,, 
that dilute hydrochloric acid slowed up the reaction to some 
extent. After completing the action by warming on the steam-bat I 
for thirty to forty-five minutes, a homogeneous solution appeared ! 
to be present. This was then d.iluted with 50 cc. of cold water 1 
and treated as above. The extraction of the amine using ether 
w~s carried out while the solution was as warm as possible (30°) 
in order to increase the solubility and to break up any remainin 
double salt of t ~ amine with stannous chloride. 
After evaporation a residue of brown viscous oil remained. 
All a ttempts to soliO..ify it failed. Well defined crystals 
appeared after cooling in an ice-salt bath for four hours, but 
these disappeared upon warming to room tempera ture. All attempts 
to prepare a picrate produced oils of varying fluidity depending 
upon the temperatures at which each experiment was run. I 
I 
I 
:B:xp . 4: Usingp-<j3'-etho:x:yetho.xy )-ethyl p-nitro-
benzoate: The over-all yield was inc r eased to 40.8~ by using 
concentrated acid as in experiment 3 and by diluting, after re-
duction, with only 20 cc. of cold water . 
Exp. 5: Using p-methoxyet hyl p-ni trobenzoate: 
The p-aminobenzoate prepared from 0.15 mole (11.4 g.) of methyl 
cellosolve crystallized easily into whi te need.les. Recrystalli-
zation was carried out using 50% alcohol. 
Exp. 6: Using p-ethoxyethyl p-nitrobenzoate: 
Although crystalliza tion did not occur as ea sily as with the 
-methoxy col!l.pound., only one hour at room tempera ture was 
! 
! 
II 
/i 
I 
I 
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required to show the formation of well-formed white needles. 
I. 
Recrys tallization from hot 50~& alcohol was carried out until a j 
pure wh ite solid melting sharply was formed, 
Exp. 7: UsingtJ-butoxyethyl p-nitrobenzoate: 
In this case it was found that the yie l d was increased by 
omitting the extractions with benzene before mak ing the solution 
alkaline. This was done originally to separate any unreduced 
nitro compound but. here, the amino compound .is evidently not as 
greatly soluble in dilute acid as one would expect. 
A low-melting solid was easily obtainecl, but recrystalliza-
tion was difficult because of its low melting point. The solid 
melted before a sufficiently high temperature was attained and, 
upon cooling. an oil often separated.. It was necessary. there-
fore, to keep the recrystallizing solution below the melting 
point while saturating the solution with the amine. 
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TABLE VII I 
f - Alkoxyethyl an cl p -cp I - Alkoxye t ho:xy ) -Ethyl p-Aminobenzoates I 
I 
Alcohol Yield M0P . B.P. 
I· Exp . N Content 
Used ~b c °C (mm) Calc. ~Pound 
5 Methyl 
Cellosolve 68.0 79.7 (a) 217.5- 7.08 
219.0 (16) 7.17 7.11 
6 Ethyl 223.0- 6.56 
Cello solve 83.3 79.2 (a) 224.5 (16) 6.70 6.61 
7 Butyl 36.2- 232.5- 5.92 
Cellosolve 80.8 36.5 234.0 (16.5) 5.90 5 .84 
4 Ethyl 257.0- 5.41 
Carbitol 59.7 64.4 259.0 ( 20) 5.52 5.45 
3 Butyl 262.5- 4.89 
Carbitol 81.8 
----
265.0 (16) 4.98 4.95 
(a) Mixed melting point: 72-73.5° 
I 
I 
I 
I 
I 
,I 
- t - . 
I 
I 
I 
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III D1azotization and Coupling 
Of the many derivatives prepared from the p-aminobenzoates, 
those obtained by means of coupling the diazotized product to d1- ~ 
)metbylaniline were found to be most workable ana satisfactory. 
I 
Each experiment was carried out in the usual way--that is, by 
adding just the calculated amount of sodium nitrite to an ice-
i 
cold acid solution of the amine being tested and. by then pouring II 
I 
this solution into a sodium acetate-acetic acid buffered solution ! . 
of dimethylaniline, With vigorous stirring the red to orange-red i 
dye separated out. 
The recrystallization as well as isolation of this product, 
however, presented a little trouble. 
Exp. 1: Usingp-ethoxyeth:yl p-aminobenzoate: To 
a solution of 1.8 g. (0.009 mole) of~-ethoxyethyl p-aminobenzoat 
dissolved in 15 co. of 20/~ hydrochloric acia_ solution, 0.6 g. of 
sodium nitrite was added while the flask was cooled in an ice-
bath. Excess nitrite was tested for by using potassium iodide 
starch paper and proven absent. To this diazotized amine was 
then added 10 cc. of 20% sodium acetate and the entire solution 
was slowly poured into a flask containing 1 g. of dimethylaniline 
dissolved in 50% acetic acid. 
Immediately a deep red precipitate settled out. After fil-
tration and recrystallization from alcohol, the solid derivative 
appeared in shiny bright red plates. 
Coupling, in the preparation of dyes using this aminoben-
zoate, has previously been reported (32). 
===·· -== -=-===·===--- -:=--==--------=---=::· . 
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E:x:p. 2: Using ~- (,'-ethoxyethoxy)-ethyl p-amino-
benzoate: The only amine which gave any trouble in diazotization 
and coupling experiments w~s found to be that obtained from ethyl 
carbi tol. The red coupled product was obtained easily from the 
acetic acid solution of dimethylaniline, but first attempts to 
recrystallize it produced only a sticky residue. Several repre-
cipitations by adding water to an alcoholic solution, prepared by 
dissolving the azo dye at room temperature, finally, produced a 
dry granular precipitate. 
I 
Exp. 3: Using?J-(,B'-butoxyethoxy)-ethyl p-amino- ! 
benzoate: In this case, upon coupling, a red oil separated from I 
I 
I 
t!E solution, but after allowing to stand with occasional stirrin~ 
for one to two hours soliCUfication occurred. Recrystallization 
1
. 
by cooling an alcoholic solution, saturat ed at 35°, in an ice-
bath was carried out. Red plates were again formed. The results 
are summarized: 
TABLE VIII 
p-(f-Alkoxycarbethoxy)-Benzeneazo-p'-Dimethylanilines and 
P-f -(P'-Alkoxyethoxy)-Carbethoxy -Benzeneazo-p'-Dimethylanilines 
Alcohol Used 
Methyl Cellosolve 
~thyl Cellosolve 
Butyl Cellosolve 
~t hyl Carbito1 
Butyl Carbitol 
M.P. 
oc 
108.2 
103.0 
73.8 
87.8-88.4 
57.2 
1~ Yield 
88.5 
90.0 
81.6 
72.8 
78.6 
Nitrogen Content 
Calc. Found 
12.83 
12.31 
11.39 
10.~0 
10.11 
12.72, 12.67 
12.24, 12.18 
11.28, 11.31 
10.81, 10.76 
10.07, 10.10 
I 
PREPARAT IOlf OF CORRE SPONDING 0-AMINOBE:r~Z OATES AND DERIVATIVES 
Introd.uction 
i 
I 
Theoretically, the o-aminobenzoates of the cellosolves and 
carbitols should be capable of being prepared in a way similar 
tha t used wi t h the corresponding para compounds. ~agner (33) , 
to ! 
however, found tha. t methyl anthranilate, e.g ., methyl o-aminoben-
zoate, would react with such complex alcohols as geraniol to 
produce new esters by the loss of methyl a lcohol. He used the 
sod i urn salt of the alcohol as a catalyst in sue h a replacement 
reaction. 
Thus, it was not surprising to find that each ether-alcoho 
would react with methyl anthranilate in the presence of about 
1/20 mole quantity of the sodium c_ellosolvate to form the corres-
ponding p-alkoxyethyl o-aminobenzoate or p -( p '-alkoxyethoxy)-
ethyl o- aminobenzoate . Wagner's commercial method, however , was 
adapted. to laboratory use and was f urther refined by the use of 
benzene as a solvent . In this way , the azeotropic mixture of 
' 
I 
I 
' 
-6 7 .. 
benzene and methyl alcohol (60:40) disti lled from the reaction 
vessel at 58°. As the me t hyl alcohol as lost the equilibriums~ ft 
shifted t oward. the formation of a new es ter. Thus : 
COOR + 
NH2 
C%0H (volatile) 
--::.=..=...-======--==----===-1 F.=---- - - ---
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It was found that the esters ; in general, boiled about 20° 
lower than the p- aminobenzoates. The melting points were below 
orcUnary temperatures. .Af ter many derivatives were tried in an 
attempt to obtain a solid, a series of picranilides were prepare 
by the use of picryl chloride. These corresponded to similar 
compounds obtained by the use of the p-aminobenzoates in the 
work of Conn, Collett, and Lazell (4) . 
+ 
COOR 
H 
N-----F\ 
COOR 
NO 
2 
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Purification of Reagents 
Methyl anthranilate : In several trials the 
as tman Kodak product was used. while in others the reagent was 
synthesized. The best trials in this preparatio:rr produced a yiel 
of 35.7%. 
Methyl a nthranilate was made by mixing 27.4 g. (0.2 mole) o 
ntm~an111c acid (E.K. 29 } w-ith 70 · cc. of methyl alcohol, and to 
his solution was ad.d.ed catlt iously through a reflux c ond.enser 
4 cc. of concentrated sulfuric acid. The brown precipitate whic 
irst appeared was diss\~lved as ad.di tion of the acid was continue • 
fter refluxing this mi~ture · ··on the steam-bath for three hours, 
he excess alcohol was ftistilled from the steam-bath. The residu 
- - ./ 
as made alkaline by / t he cautious addition of saturated sodium I . 
icarbonate solu ti n } md · extrD. c ted four times with 35 cc. port ion 
- ~ 
f ether. Aft-er drying over Drier1.te for twelve hours and eva-
oration, a sweet-~melling ,reddish oil remained. This was dis-
) 
illed under vacuum. B.P.: 13:} at 16 mm •• Yield: 10.8 g. 
By acidification of the alkaline solution and subse ~uent 
I 
reatment, e.g., extraction with ether, drying, and evaporation, 
; .... ,_ 
1.-1 g. of anthranilic acid was recovered. 
Ether-alcohols: These were purified in each case 
ccording to the d.irections previously given. In addition, dryin 
f the reagent was completed by distilling in the presence of 
enzene. 
Benzene: Baker's Analyzert nThiophen e-Free": The 
, olvent was further o_rieC!. by distilling a large volume on the 
- ---- r-==--==-:- == 
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steam-bath unti l the d istillate no longer turned cloudy on cool-
ing. Then, the residue was used . 
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Experimental 
The sa me general method was used in all cases. One-tenth 
mole of the cellosolve or carbitol, previously dried and dis-
tilled, was mixed with 75 cc. of pure benzene and 15.1 g. (0.1 
mole) of methyl anthranilate. The absence of water was insured 
by heating this mixture on the steam-bath and distilling through 
an efficient fractionating column until the distillate showed no 
cloudiness on cooling . Then, 5-7 cc. additional benzene was 
collected. 
Meanwhile, 0.1 to 0.2 g. of metallic sod.ium was allowed to 
1 
I react with 3 cc. of the ether-alcohol being used. \'/hen the metallj 
was entirely dissolved, the solution was added to the cool ed i 
benzene solution and fractional distillation was again continued. ! 
For thi s purpose a 27 em. Vigreuxed column was used. 
The first distillate was obtained. usually about fifteen to 
twenty minutes after the sodium ale oholate hao_ been added and 
continued at 58° for about two hours. The temperature then rose 
0 gradually to 78-80 • Afte r 10-15 cc . of this benzene distillate 
had been collected, heating was discontinued . After washing 
ith three 25 cc . portions of water , the benzene solution was 
dried. over Drierite f'or 12 hours ana_ distilled . The resHiue was 
fractionally distilled under a vacuum. 
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TABLE ::_ IX 
Cellosolve and Carbitol Esters of Anthrani lic Ester 
Alcohol Weight 
Used .1 mole Yield 
(g.) 
Methyl 14.8 g. 
Cellosolve 7.6 79.5 A i j o 
Ethyl 16.1 ~ · Cellosolve 9 .0 76.8 I 
Butyl 17,9 ~ · Celloso1ve 11.8 75.5 
Methyl 17.4 ~ · Carbitol 12.2 72,8 
Ethyl 15.6 ~· Carbitol 13.6 6L,7 
Butyl 20.1 ~-Carbitol 16.2 72.1 
B.P . (mm) 
oc 
168,0-
172.0 ( 7) 
173.0-
175.0 (8) 
194,0-
195.0 (10 ) 
208.0-
210.0 (10) 
210.0-
214.0 ( 9) 
222.0-
225.0 (10) 
Nitrogen Content 
Calc • l!'ound 
7,17 7 .15, 7.09 
6,70 6.58, 6.64 
5.90 5.56, 5.78 
5.85 5.72, 5.75 
5.53 5.50, 5.42 
4.98 4 .85, 4.94 
In order to obtain a solid derivative of these compounds, 
the customary reagents for amines were applied. 
Picric acid: A weighed quantity (0.6 g.) of j3-
ethoxyethyl o-aminobenzoate was mixed with 5 cc, of a saturated 
alcoholic solution of picric acid. After heating for five min-
utes on the steam-bath, the solution was allowed to cool. B:ScauE~ 
no solid separated after standing for forty-eight hours in the 
ice-box, part of the solution was evaporated and water was added 
to the remainder. An oil resulted from both. 
The same results were obtained by the use of a saturated 
benzene or aqueous solution. 
----
-- ·---- ---
Acetyl Chloride: Acetyl chloride was added 
slowly drop by drop to siifl.ll portions ofp-methoxy-andp-ethoxy-
ethyl o-aminobenzoate. There was a vigorous exothermic reaction 
ana. a white precipitate formed, but the water-insoluble product 
was, in each case, an oil. 
Benzoyl Chloride: To 3.9 g. (0 .02 mole) of the 
p-methoxyetbyl anthranilate was adc1ed 1.4 g. · (0.01 mole) of ben-
zoyl chloride. T~ mixture turned solid immecliately in spite of · 
the great amount of heat liberated. ·after standing five minutes, 
10 cc. of water was added am the amine hydrochloride dissolved 
y warming on the steam-bath. Cooling at 0° prod.uced a white 
solid which when recrysta.ll ize d as white needles from alcohol 
elted at 107.0-107.2°. Yield: 2.75 g. or 91.8%. 
Nitrogen content 
(.}ale. : 
1!1 ound: 
A similar procedure carried out with 2.09 g. (0.01 mole) of 
p-ethoxyetbyl anthranilate and 0.70 g. (0.005 mole) of benzoyl 
hloride yielded 1.3 g. or 83.3% of the theoretical amount of the 
enzanilide. M. P.: 61.5-62.0°. 
Nitrogen content 
Calc.: 
Found: 
4.47% . 
4.52%; 4.63% 
Onl y an oily product was obtaine d when this test was 
each of the other anthranila t es prepared. 
Hydrochloric acid: In eac.q case, approximately 
.02 mole of the anthranilate was mixed with 10 cc. of 205~ hydrc-
---=--=-- =----=-W~~~=::~:plied to p_-~ut o~yetey_l 'o-ami~obe~-~-~~t'~:. a==--
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white solid separated immediately from the acidic solution at 
this point. The others, however, were evaporated on the steam-
bath until about 3 cc. of viscous material remained. After cool-
ing to room temperature and allowing to stand for four to five 
nours, the residue, which had become solid in the trials using 
-methoxy, p-ethDxy, and f -(,.S'-methoxyethoxy}-ethyl anthranilate 
was dissolved in an equal volume mixture of warm absolute alcohol 
and benzene. If there was a turbi dity produced by water being 
present as the solution cooled, the mixture was dehydrated by 
evaporation of the azeotropic mixture (benzene, alcohol, water) 
until no cloucliness persisted. Then, reprec ipi tat ion was brought 
about by the addition of excess ether. The results of the pre-
paration of the hydrochlorides of: 
p -Me thoxye thyl anthranilate 
p-Ethoxyethyl anthranilate 
p-Butoxyethyl anthranilate 
~-( 8'-methoxyethoxy)..ethyl 
r r anthranilate 
B- !p• ... ethoxyethoxy} -ethyl 
r anthranilate 
~- (a I ... bU toxyethoxy) -ethyl 
r r anthranilate 
M.P. 
121-122° (b) 
0 
115-116 
0 119-119.5 (a) 
gummy solid 
oil 
% Yield 
72.4 
'74.0 
78.3 
57.1 
(a) This was obtained by reprecipitation 
in the usual way of the solid. obtained 
by filtering the hydrochloric acid before 
evaporation. 
(b) Mixed melting point: 103-112° 
Diazotiza tion and Coupling: The reaction was 
=-===-=-=-- ~arr_Le.d _ o.ut_ acc _g~_i;QLto tre il irections _u_sed in tbe__c_a_ae o..f __ ..the__ 
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p-aminobenzoates . When 15 cc. of' 20 :;0 hydrochloric acid solution 
was add_ed to 2 . .'/J7 g. (0.01 mole) of the{J-butoxyethyl anthranilat 
the entire contents of the flask turned to a white solid. Evi-
dently, the hydrochloride of the amine is sparingly soluble in 
water. After cUluting with 15 cc. of wa ter, the compound was 
diazotized with 0.61 g. of sodium nitrite and coupled with 121 g. 
(O.Ol mole) of dimethylani line . This resulted in a red oil which l 
failed to solidify after s tanding in an ice-bath for four hours 
and at room temperature three days. 
Picryl chloride: The use of picryl chloride 
for the identification of pri mary and secondary amines is recom-
mended by Mulliken (34 } ancl was used with the p-aminobenzoates by 
Conn, Collett, and. Lazel l (4). The directions of Mulliken involv 
the use of the aromatic chloride in a concentrated alcohol ic EiOlu 
ion. It was found, however, that direct rea ction without the ai 
of a solvent was bes t wit h these amines . Accordingly, 0.005 mole 
(with 1-2 dr ops in excess) of each anthrani l a te was mixed with 
.6 g . (0.0025 mole) of picryl chloride . ~ lthough no hea t was 
i be rated on mixing, a red solution formed . After heating on the 
t eam-bath for five minute s the liquid became viscous and upon 
ooling turned semi-solid . In the case of t he derivative of 
e t hyl carbitol, complet e s oli dif i cation was insured by cooling 
vernight i n the ice - box . Semi-solids we re obtained with the 
.erivatives of ethyl and butyl carbitol by cooling in an ice-salt 
The semi-s ol id was then dissolved by heating with a minimum 
mount of absolute alcohol and. heating was continued for ten 
75-
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minUteS to insure complete reaction. When the alcoholic solution ! 
I 
was allowed to cool, an orange-yellow solid. separated out easily IJ 
I, 
I in the trials using the cellosolves. When applied to the carbito~ 
I 
sufficient alcohol to prevent the separation of the picra.nilide I 
as an oil was used in the preparation of this solution. Small I 
portions of warm alcohol were added until a homogeneous solution I 
I 
persisted when cooled to room temperature . Usually this amounted l 
I 
to about 30 cc. for each carbitol. Then , after standing at room 1 
temperature for one to two hours, the solution was cooled for 
twelve hours in an ice-box . The &'Ummary: 
TABLE X 
Picranilides of Cellosolve and Carbitol Anthranilates 
[Alcohol 
Used 
~fethyl 
Cellosolve 
ibi thyl 
Cello solve 
Butyl 
Cello solve 
~e-thyl 
Carbitol 
Ethyl 
Ca.rbitol 
Butyl 
Carbitol 
wt . (g.) of 
.005 mole 
Yield 
(a) M.P. 0 0 
Nitro~en Content 
Calc. 7o Founcl% 
1.0 g . 
1.1 g. 
1.2 g. 
1 .2 g. 
1.27 g. 
1.4 g. 
(a) 
(b) 
1.00 g. 
99 . 0% 
1.00 ~. 
95.2 % 
1.1 8• 
94 .8% 
0.6 ~ · 
48.8]'o 
126 
122.5-
123 
96 . 5-
97 (b) 
82.5-
83.0 
96 . 8 (b) 
45.5- 46 
13.79 13.61, 13.74 
13.33 13.29, 13.25 
12.50 12.55, 12.43 
12 .44 12.41, 12 .32 
12.07 12.11, 12.07 
11 . 39 11.18, 11 . 25 
Yields are based up on amount of picryl 
chloride used (0 .0025 mole) 
Mixed melting point: 85-91° 
~---------------------------------------------- 1 
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Discussion of Results . / 
Two general methods were used for the preparation of ortho 
and para aminobenzoates of the cellosolves and carbitols. The 
first involved the condensation of p-ni trobenzoyl chloride with 
each alcohol and subsequent reduction. The second required 
replacement of the methyl radical in methyl anthranilate. While 
neither is particularly valuable for qualitative analysis , the 
p .... amino esters were all solids with the exception of tha.t derived 
from butyl carbitol . Also, a complete series of solid deriva-
tives was obtained from each type of ester by subsequent treat-
ment. The an thxanilates were allow·ed to react with picryJ/c hlorid 
{ 
to form tbe corresponding picranilide . The p-amino esters were , 
changed to solid compounds by diazotization and coupling with 
dimethylaniline . 
Also, red.uction of the p- nitrobenzoates with, in turn , z inc 
and ammonium chloride, iron powder and. hyd.rochloric acid, and tin 
and hydrochloric acid was carried. out. 
- - ---· --- - - --
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PREPARATION OF AROMATIC SULFONATES OF THE CELLOSOLVES FOLLOWED BY 
QUATERNI ZAT ION 
Introduc tion 
I 
I 
I 
I 
One of tre most useful reagents in qualitative analysis for J 
the identification of alcohols or amines is benzenesulfonyl 
chloride. By the use of such a compo~d aromatic sulfonates simi 
lar to the carboxylic esters alreacty described were easily formed 
The first compound. of sue h a type was first prepared by Pre log, 
Orkovnikov, and Ustricev (35) who formed thep~ethoxyethyl ben-
zenesulfonate and found it to be a liquid boiling at 180-190° at 
10 mm. pressure. Their work was repeated, but when purification 
of the sulfonate wa s attempted difficulties due to decomposition 
were encountered . These esters break down at elevated tempera -
tures in to the sulfonic acid. ana an ol efin ( 36). 
Nevertheless, t .be benzenesulfonates were prepared by the us 
of the ether-ale ohol, benzenesulfonyl chloride and. a condens ing 
agent such as sodium hycl roxid.e or, a s proposed. by Sekara and 
Marvel (37), pyridine . It has been reported (38, 39, 40) that 
such a compound can be identified by the solid quaternary ammon1u 
salts formed by mixing wi th a tertiary amine such as dimethylani- J 
line. Griffin (7) applied this general method in an attempt to 1 
preparepr-ethoxyethyl dimethyl phenyl ammonium p-toluenesulfonate 
but obtained crystals only after two months standing, which were 
not identified. 
I 
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failed or resulted in decomposition of the ester, the prepara-
tions of p-acetaminobenzenesulfonates of the cellosolves were 
tried, but the results incticated that such a c ompound ctecomposed 
very readily . 
===#==-=--==-=-=-==--=-=-==--=-=- -----=-· -
Purifica.ti on of Reagents 
Benzenesulfonyl chloride: E.K. 32 C.P.: Used 
without purification. 
Toluene: Howe and French commercial toluol: 
This was distilled until the cloudy appearance of the distillate 
disappeared. The receiver was changed, and the main fraction was 
collected at 109-110°. 
Xylene: Howe and French commercial grade: The 
impure material was dried over Drierite for two days, and redis-
tilled. Collected at 139-144°. 
Etgyl acetate, formamide, and acetamide: Eastman 
Kodak products, C,P,: Used without purification. 
E-Acetaminobenzenesulfonyl chloride: This com-
pound was prepared according t o the directions of Smiles ancl. 
Stewart (41) and purified by the methoo_ outline by Pence and 
Winter (42). To 290 g. (165 cc.~ 2.49 mole) of ohlorosulfonic 
cid contained in a 500 cc. round bottom flask equipped with 
echanical stirrer, reflux condenser , and gas trap, was added 
radually 67.5 g. (0.5 mole } of acetanilide . This operation 
equired about fifteen minutes if the temperature ~s maintained 
t about 15° by the use of a running-water bath. When the addi-
tion was completed the mixture was heated at 60° for two hours. 
The viscous liquid was then poured slowly into 1 kg . of ice 
with just enough water to permit st irring . The precipitate 
- ace taminobenzenesulfonyl chloride was washed several times by 
==--==-:::=-+.....,.......,~"'=on._and ___decantation of w.a_t...e.r_. ____ ~ chloriM_]'laJ3 _then 
so ... 
dissolved in 1,000 cc. of ether ana washed with water until the 
extracts gave no test for sulfate ion. After drying the ethereal 
solution over sodium sulfate for one to two hours the ether was 
J distilled to about 300 cc •• At this point, a considerable amount 
of product had already separated. A liter of crude benzene was 
added to this concentrated solution. After cooling in the ice-
box overnight the crystals were collected and dried in a vacuum. 
Yield: 69.4 g., M. P. : 146-147 °. 
All other reagents used were purified according to the 
directions outlined in the previous sections. 
------ -·-:::·-=-== 
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Experimental 
I Benzenesulfonates 
The ester was prepared first by the use of sodium 
hydroxide (35) as the condensing agent and, secondly, in the 
presence of pyridine (37}. 
Exp. 1: To 22,5 g. (0.25 mole) of ethyl cello-
solve mixed with 25 g. (0 . 14 mole) of benzenesulfonyl chloride 
was added slowly 80 cc. of 5N sodium hydroxide solution. The 
mixture was vigorously stirred. and maintained at about 150 by the 
use of an ice-bath. After two hours, 25 g. (0.14 mole) additiona 
chloride followed by 85 cc. of 5N sodium hydroxide solution was 
added. Stirring and. cooling was then continued for four hours. 
During this time, an oily layer separated at the top. 
When the reaction was completed, sufficient benzene (50 cc. 
to dissolve this oil was added. The benzene layer was .washed 
twice with 25 cc. portions of sodium hydroxide (10%), dried over 
potassium carbonate for one hour and distilled. The prod.uct 
boiled under a pressure of ll mm. with appreciable decomposition 
at 185-195°. Impure yield: 37 g., 64.2%. 
Exp. 2: To a mixture of 18 g. (0.2 mole) of ethy 
cellosolve and 38.8 g. (0.2 mole plus 3.5 g. excess) of benzene-
sulfonyl chloride contained in a 500 cc. indented flask, equipped 
ith mechanical stirrer and dropping funnel, 31.6 g. (0.4 mole) 
was added slowly over a per iod of three to four hours 
ring t h_is time, the reaction flask was cooled in an ice-bath. 
===tt====== =====---======·--==-==---=-=-=- -===-- --==-===----=--==-=-====--==-=-- lc;:__--==-- ---~-=--
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The pasty mixture was then washed twice with 10% hyd r-o·--- · -·-·- - -===::-= -·~-=·,..,., 
chlor1c acid and the heavy ester (bottom layer) dissolved in ethe • 
The ethereal layer was dried overni ght over potassium carbonate 
and distilled. Distillation .of the product in vacuo produced a 
yield amounting to 37.4 g. or 81.3%. B.P. at 8 mm.: 176-179°. 
During this distillation, however, a great deal of decom-
position was evident. There appeared to be a vigorous evolution 
of a gas. The same procedure was followed in preparing the 
esters of methyl and butyl cellosolve. Two-tenths mole quantitie 
(15.2 g. and 23.6 g. respectively) used. In this case attempted 
distillation of the crude p-butoxyethyl benzenesulfonate pro-
duced excessive charring and gas-evolution. A small amount of 
unanalyzed material, however, wa s collected at 190-195° at 6 mm. 
pressur e . The yields of crude ester were quantitative. 
Quaternization 
The general method for quaternization was taken from 
Shriner and Fuson (43). The di methylaniline was heated with the 
sulfonic ester in benzene solution. Then, after re f luxing on the 
steam-bath for about twenty minutes, the solution was cooled, 
scratched, and if a solid forme d., filtered. Recrystallization 
was carried out by dissolving the ammonium salt in a minimum .. 
amount of absolute alcohol and, when cool, adding excess ethyl 
acetate. Because the yield of alkoxyethyl dime thyl phenyl 
ammonium benzenesulfonate was not great with benzene, other 
I methods were tried--with ana_ without a sol vent. 
------ ----- ---· 
------ -- ---- ----
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IA summary : I 
Trial 
I 
II 
~II 
Exp .l: Using f -et hoxyet hyl benzenesulfona te 
A 
4.6 
.02 
4.6 
.02 
4 .6 
.02 
A=amount of ester used 
B=amount of dimethylaniline used 
c:length of heating at given temperature in minutes 
n:length of cooling (either at room temperature or 
g. 
mole 
g. 
mole 
g. 
mole 
* 
in ice-box) in hours 
T 
B Solvent c D Yield 
2.4 g. so0 
.02 mole C6H6 20 48 .5 g.* 
60 24 1.3 ~· * 19 
90 24 2.5 ~ · * 37 
1.6 g. 80° 
• 013 mole None 20 12 Neg • 
2.4 g. 110° 3.1 ~ · 
.02 mole C6H5C% 20 48 44.3 '0 
The filtrates obta ined. by separation 
of these solids were heated again. 
The time of heating and yield of the 
last step is the over-all. 
M.P. 
111-
114° 
---
121-
123° 
--... 
120-
123° 
I 
I 
I 
I 
I 
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Tria l A B 
T 
Solvent c D Yield 
I' 5.2 g. 2.4 g. 80° 
.02 mole .02 mole C H 60 8 Neg. 6 6 
II' 5.2 g. 2.4 g. 110° 
C H CH 6 5 3 60 12 Neg. 
III' 2.6 g. 1.2 g, 150° 
• 01 mole .01 mole None 120 8 0.5 g • 
IV' 1.3 g. 0.6 g. 110° 
* .005 mole .005 mole OH3CO-NH2 120 1/2 Neg. 
v• 2.6 g. 1.2 g. 140° 
.01 mole .01 mole C 6 H4 ( OH3) 2 60 2 011 
* It was expectea_ that the high d.ielectric 
constant of acetamide would aid quatern1-
zation. After he ating and cooling a sepa-
ration into two layers was always found, 
but extraction with ethyl aceta te (which 
does not dissolve the quaternary salt) 
left no resid.ue. 
M.P. 
---
.., __ 
149( 
151 
---
---. 
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Exp. 3: 
Trial A 
I I I 4.3 g. 
.02 mole 
II I I 4 . 3 g. 
III I I 4.3 g. 
* 
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Using p-methoxyethyl benzene sulfonate 
T 
B Solvent C D Yield M.P. 
2.4 g. so 0 
• 02 mole C6H6 60 12 He g • 
2.4 g. 140° 
C6H4 ( CH3) 2 90 12 Oil 
2.4 g. 145° 
None 90 20 0.1 g. 
A solid with the same melting point was 
obtained by mixing benzene sulfonj o acid 
and dimethylaniline. This solid as well 
as those obtained with the sulfonic ester 
of butyl cellosolve, appear, therefore, to 
be produced by decomposition of the ester at 
elevated temperatures. 
---
187-
188° 
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I 
II p-Acetaminobenzenesulfonatea 
:'·· Because the p-acetaminobenzenesulfonyl chloride is a solid, 
solvent had to be chosen. With this exception the experimental 
conditions are similar to those previously used. 
Exp. 1: Nine grams (0.1 mole) of ethyl cellosolv 
was mixed with 70 cc. of absolute ether, 23.3 g. (0.1 mole) of 
p .. acetaminobenzeneaulfonyl chloride, and 15.8 g. (0.2 mole) of 
pyridine. The base was added slowly over the course of fifteen 
to twenty minutes. The mixture was atirred at room temperature 
for three hours. At the end. of this time, there was a viscous, 
semi-solid layer on the bottom of the flask. Part of this was 
pyridine hydrochloride, for it dissolved in the 107~ hydrochloric 
acid which was used to wash tre ether layer. The remaining oil 
was dissolved, for the most part, in additinnal ether washings 
( 5-35 co. portions). After drying the ethereal solution over 
Drier i te and evaporating, 24.6 g. of a viscous oil was recovered. 
This oil failed to solidify afte r stand. ing for five days in the 
ice-box. Evidently it is the impure ester. 
A similar experiment was carried out using sufficient moist 
ether (300 cc.) to dissolve the acid chloride before starting 
the addition of pyridine. The yield was not increased, however. 
Exp. 2: The sodium alcoholate was prepared in ,
1
. 
solution by mixing 50 cc. of dry dioxane with 1.15 g. (0.05 mole) 
of metallic sodium and 3.8 g. (0.05 mole) of methyl cellosolve. 
When the evolution of gas ceased, 200 cc. of dry ether containing! 
I 
. 11.7 g. of p-aceta minoben zenesulfonyl chloride was added. A i 
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ing with vigorous agitation to prevent bumping for one hour, the 
mixtur e was filtered into a distilling flask. hen the dioxane 
iJVa s removed, the oily residue amounted to 9.7 g •• 
The precipitate was very soluble in water and gave a good 
test for ionic halogen. 
Purification of ester: Since neither product 
could be distilled because of decomposition, ~ttempts were made 
to solidify them. 
SoliCt ification was tDied by reprec ipi tat ion from the follow 
ing:petroleum ether, carbon bisulfide, chloroform, carbon tetra-
chloride, acetone, acetone ana. alcohol, ethyl acetate, benzene 
ana. ligroin. Each was saturated and a llowed to stand in the ice 
box for twenty-four to thirty hours. Finally, a small amount wa 
obtained by adding excess benzene to a saturated acetone extract 
of the oily ester . The solid, however,was gelatinous and jelly-
like . Both derivatives appeared to decompose about 215-225°. 
Yield.: 
P'~ethoxyethyl p-aceta~inobenzenesulfonate----- ---27~ 
~- .c. thoxyet byl p-acetam1nobenzenesulfonate---- ----36;o 
Properties of crude ester: Various tests were applied to 
the oily residues ( 24.6 g. and 9.7 g.): 
1. Cooling for five days produced no solid 
2. When washed well with benzene and rubbed, no solid 
was obtained. 
3. hen washed with water, the oil remained insoluble 
and no solid. was formed, but when the oil-water 
mixture was evaporated on the steam-bath, a solid 
was obtained which was insoluble in ether and 
- -:::_-_ -=---------==== 
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ether-benzene mixture. The solid decomposed on 
ignition at about 300° and when bromine water was 
added to an aqueous s olution of the solid tribro-
moaniline was obtained. These properties are I 
properties of sulfanilic acid which would be I 
formed by hydrolysis of the ester. 
4 . The original oil is insoluble i~ dilute acid and 
a l ka li, but when heated wi th 20% hydrochloric 
a.cic1, a solid similar to that of (.,;, · was obtained 
89-
5 . The origina l p- acetaminobenzenesul fonyl chl9~ide 
was not hydrolyzed to the sulfanilic acid describ d 
in (3) anc1 (4) by hea ting with d.ilute hydrochlori 
acid. 
6. The oil gave only a faint test for halogen after 
sodium decomposition. I 
I! 
I 
I 
I 
I 
I 
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Discussion of Results 
I 
The benzene sulfonates can be easily prepared from the ! 
cellosolves by the use of either NaOH or pyridine as a condensing 
agent . The esters, however, were oils which decomposed when 
purification by distillation was tried. Attempts at quaterniz -
t ion of these compounds with dimethylaniline were non- productive. 
Likewise, the p- acetaminobenzenesulfonates were obtained as I 
oils. A small fraction was solidified but the high decompositio 
point of these pure (?) esters indicates that there may be some 
sulfanilic acid present (d- 300°). The results also indicate 
that the crud.e esters are easily hydrolyzed to sulfanilic acid . 
I 
I 
PREPARATION OF AMINO k THE-RS' O:B1 THE CELLOSOLVES 
Intro duction 
The alcohol group present in the cellosolves and ca rbitols 
should be useful in the prepar ation of ethers. If sui table 
reagents are used., the ethers obtained may have characteristic ·. 
groups which lend themselves easily to identification . Thus, 
various amino ethers were synthesized. Three general methods 
were applied: the condensation of the 2- haloethyl ethyl ether 
with amines or amine salts, the reaction between 2- (4-morp ho-
linyl ) .. ethyl chloride and a sodium alcoholate, and, finally, the 
condensation of a secondary amine with alcohols in the presence 
of paraformald.e hyd.e . 
I Use of 2- Chloroethyl Ethyl Ether 
The preparation of 2-chloroethyl ethyl ether was success-
fully carried out by Griffin (7) . By the use of ethyl cellosolv 
a base and thionyl chloride, he obta ined this compound according 
to the following react ion: 
CH
3
CH
2
0CH
2
CH
2
0H + B + SOC1..,..2---~) CH3CH20CH2CH2Cl + B . HCl 
+ S02 
The method could be extended. to other members of the cello-
solve and carbitol family, but it was more interesting, here, to 
try to apply such a c ompound. to an ident i fication scheme. The 
I 
notorious unreactivity of such a 2- halogenated e ther made this / 
·===--==::~:~=========--===-==r-~== 
I 
I 
chloride required ten days to undergo the Williamson synthesis to 
an appreciable extent. Also, only 14% reaction was found when 
ClCH2CH OCR CH anc1 NaCH( 0000 H ) were allowed to react. This 2 2 3 2 5 2 
unreactivity was supported when soclium saccharide failed t ·o react 
ith the chloride in the usual way. Nevertheless, the prepara-
of aminoethyl ethers was tried with a secondary amine, e . g . , 
orpholine, and salts of secondary amines, e . g . , morpholine and 
diphenylamine. 
The only method whicg appeared to be at all suitable was 
the reaction between 2-chloroethyl ethyl ether and sodium morpho-
lids . The latter compound. was prepared by: 
+ 
I! 
! 
I 
! 
I 
I 
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Purification of Reagents 
~-Chloroethyl ethyl ether: This compound was 
prepared and purified according to the directions given by 
Griffin (7). To a mixture of 45 g . (0 .5 mole) of ethyl cellosolv 
and. 60,6 g. (0.735 mole) of dimethylaniline cooled. well under the 
tap there was added 62.5 g. of thionyl chlorid.e. This addition 
required about five minutes. Nhen all the chloride had been 
add.ed, the solution was cautiously warmed to 100°. During this 
time copious clouds of sulfur d ioxide were liberated.. When the 
liberation of fumes slackened," 50 cc. of water and 20 cc. of 
ether were add.ed, the layers separated_, and the ethereal solu-
tion washed with 5 cc. portions of lO;b hydrochloric acid and 20~& 
sodium carbonate solution. The aqueou~ layer was extracted with 
3- 30 cc. portions of ether. The ether extracts were combined, 
dried overnight with Drieri te and the product fractiona]y dis -
tilled after the ether hact been d.istilled from the steam-bath. 
Yield: 33.1 g ., or 61.1 %. B.P.: 106-107°. 
Sodium saccharide: This salt has been previousl 
re-ported by Fahlberg and. List (45). Any given weight of pure 
saccharin (M.P. 223-224°) may be used. Therefore, 10 g. of the 
I 
sulfonimide was carefully neutralized with 20% sodium carbonate I 
and the resulting solution evaporated until a copious precipitate 
was formed on cooling. The solid was collected and dried in 
vacuo. The yield amounted to 11 g. and was found to be the di-
hydrate by its property of losing weight at aoo. 
I 
I 
I 
Diphenylamine: Eastman Kodak, T 105, practical. 
, his compound was recrystall .ized with an alcohol-water (3 :2 ) mix-
11 ture. .Melting point after one recrystallization: 530. 
I' . 
,/ 
2-Bromoethyl ethyl ether: One attempt was made to 
II prepare the bromide by the use of sodium bromide and sulfuric 
jacid according to the d.irections given by Fieser (46) for butyl 
I 
/bromide. It was found, however, that the product was contaminat d 
with ethyl b.romide and ethylidene dibromide formed from the 
splitting of the ether linkage. 
2-( 4-Morpholinyl ) .. ethyl chloride hydrochloride: 
This reagent was prepared according to method. of Mason and Block 
(48). To 131 g. (1 mole) of d.istilled morpholinoethanol (B.P.: 
103° at 10 mm.) mixed with 250 cc. of chloroform 100 cc. of 
thionyl chloride was added slowly while the stirred so l ution was 
maintained at 50-55°. When the addition was completed, the mix-
(1 0 ) ture was slowly heated every five minutes • After reflux ing 
for one hour, the contents were allowed to stand overnight. 
Filtration and washing with three portions of 
chloroform left a solid which could be reprecipita.ted, after de-
colorization with Norite, from 600 cc. of absolute alcohol . A 
second crop was obtained by evaporation and the combined. crops 
were recrysta llized.. Yield. : 136 g •• 
2-(4-Morpholinyl)-etnyl chloride: This reagent wa 
obtained from the hydrochloride, as ne e ded, by neutralization wi h 
concentrated sodium hydroxide solution, ex traction with benzene 
ana consequent fractionation. B.P.: 83-85° at 8 mm •• 
-94-
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Experimental 
Determination of Reactivity of 2-Chloroethyl Ethyl ~ther: 
The use of sodium saccharide as a reagent for the identification 
of alkyl halides was proposed by Merritt, Levey, and. Cutter ( 47). 
Following their general direction, 6 g, of sodium salt was mixed i 
with 1 cc. of the chloride in a solution of 25 cc. of butyl car-
bitol and 4 cc. of water. As &lggested for chlorides, 3.5 g. of 
potassium iodide was ad.ded.. The solution became a light yellow 
as it was refluxed. for thirty minutes. During this time a wash 
bottle containing bromine in carbon tetrachloride solution and 
one containing alkaline permanganate remained connected to the 
end of the condenser to test for possible evolution of unsaturate · 
I 
gas. None was eliminated. 
After refluxing, the mixture was poured into 300 cc. of 
water with the expectation / of obtaining an insoluble product. Ho 
precipitate was obtained, however, even after cooling in the ice-
box for tw~ days and evaporating the aqueous solution to 175-200 
co •• 
! 
Reaction of 2-ChloroetQyl Et~vl Ether with Secondary Aminesf 
The unreactivity of the 2-halide was again apparent when it was 
condensed with morpholine. A solution of 0~1 mole (8.7 g.) of 
morpholine and 0.1 mole (10.9 g.) of 2-chloroethyl etnyl ether 
was prepared by mixing the reagents with 100 cc. of benzene. 
After refluxing for three hours with vigorous agitation and cool-
ing, a small amount of white precipitate was visible in the :flask 
---==#===========-----=---==-----::_-------==--::--=--:----=--o========== 
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here was no increase in volume of the precipitate after cooling 
or three hours in the ice-box. The crystals were filtered off 
and dried in vacuo. M.B.: 173.8-174.5°. Yield: 1.8 g •• 
melting point corresponded to the hydrochloride obtained by 
ing dry hydrogen chloride to react with morpholine. M.P.: 175-
1760. 
The presence of this morpholine hydrochloride in the reac-
tion mixture indica ted that some reaction had proceeded. The 
filtrate, therefore, was fractionally distilled after the benzene 
had been removed. The first fraction boiled over the range 85-
1050. During this time more white crystals separated and were 
filtered. The total yield of the hydrochloride amounted to 1.8 
and signified about 14.6% reaction. The final product was not 
isolated. 
The same reactants were allowed to stand in diffused light 
for thirty-six hours. No solvent was used. Separation and puri 
ficat ion of the white solid (morpholine hydrochloride) showed 
the reaction had proceeded to the extent of 18.6%. The reaction 
may be written as: 
It was expected that the basic nature of one of the reec-
ta.nts would act sufficiently as a condensing agent to a llow the 
-96-
• 
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reaction to proceed easily. 
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Since, however, this was not the 
case, it was necessary to attempt the preparation of substituted 
secondary amines, e.g., potassium morpholide. Thus: 
0< 2 NH -t- ~K---~> r/v -~ ._/~K + ~ CH CH> CT-LCH~r O~CH -~~C~ 
+ KCl 
Bxp. 1: To 100 cc. of dry benzene was added 3.9 
(0.1 mole) of metallic potassium cut in fine pieces. While 
stirring vigourously 16.9 g. (0.1 mole) of diphenylamine dissolv d 
in an additional 100 cc. of benzene was added. Upon warming the 
mixture a gelatinous precipitate of the potassium salt started 
to separate, but because the action was very slow a 10% excess 
the diphenyl amine was added. Finally, when all action appeare 
to have ceased (8 hours), 10.8 g. (0.1 mole) of 2-chloroethyl 
ethyl ether wa s dropped into the flask. The solution then 
became fairly clear after refluxing _for one and one-half hours. 
A vacuum distillation of the residue obtained by evaporatio 
of the clear benzene solution, however , -s howed. that unchanged 
dip henyl amine was for the most part , rec overed . A small amount, 
1.5 g., of an oil boil ing a t 232-237°at 13 mm . wa s a lso obtained. 
This weight was 10% of the t heoretical yield of d.iphenylaminoet 
ethyl ether . 
Exp . 2: In a similar manner, a mixture of 0.1 
I 
I 
II . 
morpholine (8.7 g .) and me t allic potassium (3 . 9 g . ) were -- --1:_9~- --==~ 
armed with 120 cc. of dry benzene. There was very 11 ttle reac- 1/ . 
tion, ho1vever, even after four times the calculated amount of 
morpholine had been added. This was, therefore, discarded. 
Bxp. 3: When a large excess (65 cc .) of dry 
orpholine was mixed with 2 g. (0.05 mole ) of potassium, there 
evolution of hydrogen for a few minutes, but the actio 
gradually slackened . The morpholine solution was refluxed for 
six hours and the unrea.cted potassium was .separated by hand. Thi 
eighed 1 g .; so, there was l g. (0.025 mole) of potassium in 
solution. 
I 
To the gelatinous- appearing solution was added 2.7 g. (0.02 
ole) of 2-chloroethyl ethyl ether . After refltixing for t wo and 
one-half hours , the morphol i ne solution was filtered and distille • 
When all of the morpholine had been separated (125-126°) the temp 
erature started to rise anfl_ an oil mixed with a solid remained. 
The oil after separation distilled at 204 .... 206° which corresponds 
to the recorded value of 2-(4-morpholinyl)-ethyl ethyl ether . 
ield: 2.6 g. or 65% based on the amount of 2- chloroethyl ethyl 
ether used. Further identification of this distillate was 
carried out by preparing the picrate and hydrochloride . 
Picrate : M. P.: 960 
Hydrochloride: M. P.: 1380 
These agree with recorded valhes (48) . 
The solid which was isolated in the d.istillation proved to 
be morpholine hydrochloride. 
Exp. 4 : Because the use of spongy platinum with 
-a pinch of ferr ic oxide has been proposed as a catalyst fo r the 
preparation of soc1a.mide (49), one trial was r un in the presence 
of piliati :nized asbestos. .1. pinch of asbestos was ad.ded to the 
reaction mixture of (3) , but a s hea ting v.ra.s continued, the solu-
tion became light purple in color. This may be due to the forma-
t1on of a complex meta llic compound with morpholine. The pla ti-
nized asbestos was not tested for puri ty. 
Exp ., 5: Sodamide shoulcl undergo, in the presence 
of another base, a. replacement react ion: 
+ NaNH2 ------~ ~H2CH~'Uia + NH ~H CH/ 3 
2 2 i 
Then by heating, the ammonia should be driven off and the equili- ~1 
rium thus shifted to the right. 1: 
Accordingly, 2 g . (0.05 mole ) of finely ground sod.ium was 
to 50 cc. of d.ry morpholine. Almost immediately as hea t 
I 
I 
I 
s applied the mixture turned dark brown and a test for a mmonia I 
was obtained with moist litrrn1s at the end. -of the condenser. 
efluxing was continued for four hours. The ammonia test had 
become very faint. 
After cooling the ±~ask, 5 g . (slight ly less than 0.05 mole 
of 2-c hloroet byl ethyl ethe r wa s added • The color grad.ually 
ecame l j_g hter as refluxing was continued. for one to one and a 
quarter hours. The excess morpholine was distilled off after fil 
ration . The residue then boiled at 1~0-202°, or -=:at 86-890 .at · 13 
m. pressure, i.e., 2-(4-morpholinyl)-ethyl ethyl ether . Yield: 
I 
. ·-. =--=--= ... 
The yield was not increased by using a slight excess of the 
oa. ium amide or by heating this ref.!gent with the morpholine for 
ix hours before addition of the chloria.e, Likewise, extended 
eating (3 hours) after addition of the chloride had no effect . 
he yield in this case amounted to 59 . 2% . 
100-
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II 2- ( 4-Morp holinyl )- l!l thyl C hlorid.e 
In the preceding section the prepara t ·ion of a 2- ( 4-morpho ... 
inyl)-ethyl ethyl ether by the use of 2-chloroethyl ethyl ether 
as described . This and other ethers of the same type have been 
btained by the use of the reactive chloride 2-(4-morpholinyl)-
thyl chloride. Ma.son and Block (48) first used this compound 
o obtain 2-(4-morpholinyl)-ethyl ethyl ether, and the synthesis 
f this type of ether was extended by Mason and Malkiel (50). 
he reactivity as well as the rate of polymerization to N,N' di• 
pirodimorpholinopiperazinium dichloride was found to depend upon I 
he dielectric constant of the solvent used. When condensations 
f the halide and a cellosolve were tried in an effort to obtain 
2-(4-morpholinyl)•ethyl 2~alkoxy-ethyl ether, the effect of the 
olvent w~s especially noticeable. Ether and benzene as solvents 
reduced. no condensation, but excess ether-alcohol or dioxane-
xcess alcohol solutions formed varying amounts of the polymer 
ether. 
When the ethers had been prepared by the use of each of the 
cellosolves and carbitols available, it was found that all were 
liquids. It was necessary, therefore, to continue the identifi-
cation by preparing a suitable amine derivative . The picrates 
nd hydrochlorides were triecl . The latter, however, were found 
to be too hygroscopic. 
Because 2-(4-morpholinyl)-ethyl cllioride polymerizes slowly 
on standing at room temperature the directions were extend.ed to 
include the use of 2-(4-morpholinyl)-ethyl c hloride hydrochloride 
- -=---:--=t=F=== 
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as the starting material . The success of the method is attested I -----
to by the fa c t that a successful identification experiment was 
carried. out using 2 cc. of ethyl cellosolve. 
' 
I 
i 
I 
I 
i 
I 
I 
I 
I 
=====----- --======---::=:""--.::::: .. _ _____ -
Experimental 
Previously, the reaction between 2-(4-morpholinyl)-e thyl 
chloride and an alcohol has been carried out by the use of excess 
lcohol and metallic sodium. Another solvent, therefore , was 
sought. 
Exp. 1: Approximately 10 g. of the sodium salt o 
ethyl cellosolve was prepared in 80 cc. of dry ether solution by 
ixing 2.3 g . (0.1 mole) of sodium with 9 g. (0 .1 mole) of ether 
lcohol. When the metal had all dissolved, 14.9 g. (0 .1 mole) of 
2-(4-morpholinyl)-ethyl chloride was added and the bottom of the 
flask filled with glass wool . After refluxing for one and one-
half hours no precipitate of sodium chloride was visible. To the 
elution, therefore, was added 80 cc. of benzene and refluxing 
continued another hour. 
At the end of this ti me, the contents were a light yellow 
n color. \ ben the organic solution had been extracted with a 
otal volume of 100 cc. of 30~)~ sodium hydroxide solution, the 
queous layer was tested for the presence of halide ion. This 
as positive, but upon distillation no ether was found. 
Exp . 2: One-tenth of a mole of metallic sodium 
as d.issolved in 50 cc. of caref ully dried ethyl cellosolve. To 
,. .. •• •· ~! • 
his was added 14.9 g. (0.1 mole) of the chloride and enough 
lass wool to prevent bumping. Although a heavy precipitate was 
vident a{ter heating for twenty minut es, the refluxing w~s con-
inued an additional twenty minutes . Then, the excess cellos olve ! 
I 
103-
as_ a istiJled off b_e_f_o_re the distillation was discontinued at 
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45o. The precipitate was then d.issolved in 100 cc. of 30% 
odium hydr oxide solution. The top l a yer was dissolved in ben-
zene, separated and added to 75 cc. of benzene used for extractin 
the alkaline layer. 
The residue obtained by evaporation of the benzene reacted 
iolently with sodium. When the reaction slowed down, the faint 
ellow impure product was vacuum distilled. The main fraction wa 
ollected at 134-136° at 11 mm. pressure. Yield: 11.6 g., or 57~' . 
his yield was increased to 78. ?j~ by a repetition of this experi-
ent . 
Neutral equivalent 
Calc.: 203.2 
Found: 232.1; 233.4 
Ex;p. 3: A similar experiment was carried out 
sing 40 cc. of eth~l carbitol (B.P. 201.00) with 0.08 mole quan-
ities of sod.ium (1.84 g.) and 2-(4-morpholinyl)-ethyl chloride 
(11.9 g.). After the heating hacl been completed, however, the 
odium chloride was filtered. off and. washed three times with ben-
ene. The benzene ·washings were mixed with the rna in filtrate and 
I 
istilled. As the temperature rose above 1000, suction was appli 
d. Most of the excess ether-alcohol was recovered at 90-910 at 
0 mm . pressure • . The next fraction was collected at 152-1550 and 1 
I he temperature, possibly because of the small amount of sodium I 
hloride present, rose to 160-170°. 
The latter fractions were d.ried with bits of sodium and 
ed.istilled . B.P .: 163-165° a t 9 mm. pressure. Yield: 13.1 g. 
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Exp. 4: Small portions of ethyl cellosolve (9 g • 
• 1 mole) and chloride (7.9 g ., 0.05 .mole) were mixed in an 8- inc 
test tube, an ebulli tion tube added, and the mixture was heated 
for one hour on an oil bath held at 135°. A precipitate started 
to appear after about ten minutes. After cooling, 30 cc. of dry 
ether was added to the murky solution. The solid was filtered 
and the filtrate evaporated. The residue amounteo_ to 8.9 g •• 
Distillation under vacuum resulted in: 
Fraction I: 70-75°, pressure 16 mm. (excess alco-
hol) 5.4 g. 
Fraction II: 87-91°, pressure 12 mm. (excess chlor- ~ 
ide) 2.1 g. 
Fraction III: 139-1430, pressure 12 mm (2- (4-morpho- ,. 
linyl)-e thyl 2'-ethoxyethyl ether) 
6.0 g. , 29.8~ of the theoretical 1 
. I 
I 
From the latter fraction a small amount of 2-(4-morpholinylj 
I 
ethyl chloride hydrochloride was filtered off before distilla - j 
tion. 
The polymer, i.e., the original solid, was dried and 
This amounted to 20.8'~f, of the orig inal chloride. 
weighe • 
Exp. 5: When the directions as described in 
experiment 4 were carried out using 0.1 mole of sodium (2 . 3 g.) 
and 2-(4-morpholinyl)-ethyl chloride (14.9 g.) in 40 cc . of 
methyl cellosolve, 14.5 g. of the expected 2-(4-morpholinyl)-
ethyl 2-methoxyetbyl ether was obtained. Yield: 77.2%. B.P.: 
127-128° at 12 mm. pressure. 
Exp . 6: It was expected that the l arge excess of 
each ether-alcohol could be dispensed wi th by the substitution 
I 
' 
105-
of a solvent with high dielectric constant. Such a condition 
would be satisfied by tertiary butyl alcohol. This would be 
sui table, however, only if the equilibrium: 
were predominant l y toward the left. 
The reaction was carried out as those of 4 and. 5 using 0.1 
mole of ethyl cellosolve (9 g.) with o.o5 mole of sodium (1.15g. 
and 2-(4-morpholinyl)-etbyl chloride (7.95 g.) mixed with 30 cc. 
of tertiary butyl alcohol. During fractional distillation, 2.1 
g. of liquid was obtained between 102-1250 at 9 mm. pressur e. 
'I 
The reported boiling point of 2-(4-morpholinyl)-ethyl tertiary 
butyl ether is 105° at 10 mm. (50). The desired 2-(4~morpholiny 
-et hy1 2-ethoxyethy1 ether distilled at 128-151° at 8 mm. pre a-
1 sure. Yield: 6.2 g. or 61%. j 
Exp. 7: The combination of an inert solvent with l 
a small excess of the ether-alcohol being usea. was next tried. 
1 
This method was applied. to each of the cellos olves and carbi tols 
Fifteen cc. of the ether-alcohol was dissolved in 30 co. of 
dioxane . To this solution was actded 1.71 g. (0.075 mole) of 
sodium cut in small pieces. The mixtu re was refluxed in an oil 
bath until all of the sodium had reacted. To this solution was 
added 11.22 g. (0.075 mole) of freshly-distilled 2- .(:4-morpholin-
yl)-ethyl chloride. Refl ux ing was continued for forty-five min-
ute s ~tter adding su£ficient glass woo l to prevent bumping. The 
rea ction mixture was filtered by suction into a Claisen flask, 
and the original flask was washed out with three 15 cc. porti on s 
106-
r: 
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of benzene. After distillation of the benzene from a steam-bath I 
the 2-{4-morpholinyl)-ethyl ether of the cellosolve or carbitol I 
was d istillecl. in vacuo. The ether was then dried over 2 g. of I 
- metallic sodium and redistilled under reduced pressure. The 
tabulated results: 
TABlE XI 
2-(4-Morpholinyl)-ethyl 2~Alkoxyethyl Ethers 
and 
2- ( 4-M:orpholinyl )-ethyl 2'- ( 2 11-Alkoxyethoxy) -ethyl Ethers 
Alcohol 
Used 
Methyl (a) 
()7 g. ;o 
Yield Yield 
Cellosolve 13.6 71~6 
Ethyl (a) 
Cellosolve 7.0 69.7 
Butyl 
Cellosolve 11.5 66.5 
Ethyl 
Carbitol 
Butyl 
Carbitol 
11 . 2 60.5 
11.6 58.0 
0 B.P. C 
( mm.) 
119-120 (8) 
132-133 (10) 
154-157 (9} 
163-165 (9) 
189-192 (S) 
Neutral 
~qui valent 
Calc. Found 
189.2 188.2 
203.2 202.2 
231.2 230.0 
247.2 247.6 
275.2 273.0 
(a) Ten cc. of ce1losolve, 1.15 g. of 
sodium and 7.95 g. of 2-(4-morpho-
1iny1)-ethyl chloride used. 
( ~b j 
Nitrogen 
Calc. ]1 ound 
7 .4d 7.51 
6.89 7.01 
6.05 6.20 
5.67 
5.09 5.24 
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Formation of Picrates of Morpholinyl Ethers of the 
Cellosolves and Carbitols 
Little difficulty was encolmtered with most of the cello-
solve ethers used to form picrates. The carbitols, however, 
formed oils which did not solidify easily. These , surprisingly, 
melted at a high temperature after they were finally obtained. 
In general, the derivatives were obtained either from an alco-
holic or aqueous solution . ..dfter several trials it was found 
best to a dd a slight excess of the picric acid solution particu-
larly if an oil was first obtaine d. Benzene and ether were used 
also as solvents but no better results were obtained. The 
picrates were recrystallized from a mixture of 70% alcohol and 
3076 water. The directions were changed when working with the 
butyl carbitol et her for it was f ound that this continually pro-
duced an oil. This picrate was obtained using 0.77 g . of the 
e ther and 48 cc. of saturated a queous picric aciC . . solution. (So 
bility at 2oo:: 0.014 g. picric acid per cc. of water )._ 
Each of the ot her der ivat ives was prepared by adc1 ing 15 cc. 
of saturated alcoholic ( 9570) solution to 0.2 g. of the ether . 
The mixture was then warmed gently and allowed to cool to room 
temperature. Finally, cooling in an ice-box overnight or in an 
ice-bath for a few hours, scratching the sides intermittently, 
was tried. Solids were easily obta ine d at this point wi th the 
ethers prepared from methyl and ethyl cellos olves. In other 
cases , howev er, the oil which separated was solidified by the 
- ---=..:tf===== 
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addition of 5 cc . additional picric acid solution and continued ! 
I cooling. '!'he picrate of ethyl carbitol soliO.ifiea. at this point I 
Possibly the high melting solid r emained oi l y up to this point 
because of a small amount o£ unreacted ether present . 
I 
I 
If an oil formea. again, however, as i n the case of the I 
derivatives of butyl cellosolve , the mixture was made homogeneou 
by the addition of an equal volume of water followed by gently 
heating until the solution became clear . If the solution became 
turbid on cooling, just enough alcohol was added to clarify it a 
room tempera ture and.. then al lowed to stand overnight either at 
room temperatt~e or in an ice- box. Under these conditions a 
solid usually appeared. After filtration, the solid was recrys-
tallized in all cases from a 70% alcohol- 30% water solution . 
The yields were increased to the recorded values by evaporating 
and cooling according to the same general directions . The 
results are tabulated . 
I 
J 
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TA.BIE 
Picrates of the 2-(4-Morpholinyl)-ethyl Ethers 
of the Cellosolves and Carbitols 
lcohol 
Used 
Methyl 
Cellosolve 
Ethyl 
Cellosolve 
Butyl 
Cellosolve 
Ethyl 
Carbitol 
Butyl 
Carbi tel 
1o Nitrogen Content 
M.P. oc Yield Calc . :&' ound 
111.3 (a} 88.6 13 .39 13.29, 
111.1 (a) 84.5 12 . 95 12.80, 
62- 62.5 77.4 12.16 12.10, 
204.8-207 71 . 2 11.76 11.52, 
161 . 0- 161.5 (b) 72 . 0 11.10 11.28, 
(a) 
(b) 
Mixed melting point: 101- 1030 
Sometimes appears as a difficulty 
crystallized oil . 
13.28 
12.84 
12.05 
11.54 
11.32 
----
- ----
Hydrochlorides of ~ldorp holinyl Ethers of the 
Cellosolv13 s and Carbi tols 
The forma tion of solid hyd.rochlorides of the 2- (4- morpho-
linyl) - ethyl ethers was attempted by bubbling dry hydrogen chlor-
ide through an ethereal so lution of the basic compound. The 
hydrogen chloride WfiS genera ted by the addition of concentra ted 
II sul furic acid to solid sodiwn chloride. This wa s then dried by 
I 
passing t hrough two wash bottles containing concentrated sulfuri 
acid , one fill ed with ca lcium chloride and finally , a. bottle 
packed with cotton . When th~ preparation of this derivative was 
carried out using the basic ether formed from ethyl cellosolve , j 
I 
an oil first separated , but this solidified when the addition of / 
hydrogen chloride was continued. With the other ethers, however I 
the oil which first formed usually failed to turn to a solid eve 
after treatment with hydrogen chloride for twenty to twenty- five 
minutes . It was thought that this phenomenon was due to the 
presence of a trace of water. The ref ore , after eva.p orat ion of 
the ether, dry normal amyl alcohol was added and partially eva-
porated . Water distills at a lower temperature than this alcoho 
and should, therefore, be lost first . The hydrochloride was the 
obtained by the addition of a large excess of acetone or ether . 
comparison of methods makes this clearer . 
Exp . 1: Dry hydrogen chloride was bubbl ed into 
an ethereal solut i on of 2- (4-morpholinyl )-ethyl 2- ethoxyeth,..l 
ether. The oil which separa t ed was al most immediatel y soli difie • 
--- - - -==~· 
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After filtering and d.r·ying in vacuo this solid melted at 98-990. 
Yield: 76%. The melting point was raised by recrystallizations 
Exp. 2: To 10 cc. of anhydrous ether was added 
0.2 g. of 2*(4-morpholinyl)-ethyl 2-(2 1 -ethoxyethoxy}-ethyl 
ether. After hydrogen chloride had been bubbled into this solu-
tion for ten minutes , a viscous oily layer had settled out at 1 
the bottom of the tube. No solidification was apparent on cool- / 
ing the residual oil after evaporation of the ether . 
To this, therefore, was ac1ded 5 cc. of amyl alcohol and. the 
mixture wss heated on the steam-bath. A precipitate started to 
appear but not in great quantity. To the concentrqted alcoholic 
solution ( 3 cc.) a large excess of dry ether was added. A 
cloudiness resulted instantly and a precipitate appeared to be 
settling but, upon standing , this showed definite oily charac-
teristics. The addition of amyl alcohol , evaporation, and dilu-
tion with etlwr was again repeated. The oily character w~s agai 
apparent. About 10 co. of pure acetone was added and produced a 
fine-grained precipitate. M.P.: 150-151° (uno.). Yield: 53%. 
Exp . 3: Approximately 0.001 mole (0 .2 g.) of 
2-(4-morpholinyl)-ethyl 2 ... methpxy ethyl ether was dissolved i n 
10 co. of dry ether . HYdrogen chloride when bubbled into this 
solution precipitated an oil which gradually turned solid as the 
addition was continued. The precipitate was filtered but its 
marked hygroscopicity made handling very difficult . Even drying 
in a vacuum dessicator over concentrated sulfuric acid. for 
forty-eight hours failed to materially purify the solid. One 
-112-
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experiment 2. The solid obtained, however, rapidly deliquesced 
during filtration. 
~ 
A melting point of the solid. was obtained after dissolving 
in the least possible amount of a warm mixture of absolute alco-
hol ana toluene (4:1) . Reprecipitation from this solvent was 
effected by the addition of a large excess of dry ether. M.P .: 
97°. Yield: 61%. Because the results in these trials were so 
apparently disappointing no analys is was zoo. de . The results are 
I 
summarized: 
TABLE XIII 
HYdrochlorides of 2-(4-Morpholinyl)-ethyl Ethers of 
the Cellosolvea and Ethyl Carbi tol 
Alcohol Used. M.P . oc % Yield 
Methyl Cellosolve 97 .2-97.5 61 
Ethyl Cellosolve 99.5- 100.5 76 
Butyl Cellosolve 59.6-60.0 62 
Ethyl Ca.rbitol 150- 151 53 
--------*--- --------- ~==========o-=.~=::c::=-::::=-::::c====~===~=====~~===-:::-~=====::c=~======~F===:====== 
Semi-Micro Analysis Using Ethyl Cellosolve 
The general method of analysis found here for identification · 
of the cellosolvea and carbi tols was tried using ethyl celloso.lve 
Two cc. of previously purified ethyl cellosolve was dissolved in 
6 cc. of pure dioxane in an 8-inch test tube fitted , with a reflux 
condenser. To this was added 0.23 g. (0.01 mole) of sodium and 
the mixture was heated in an oil-bath until the metal dissolved. 
The 2-(4-morpholinyl)-ethyl chloride freshly prepared from the 
hydrochloride (1.40 g., 0.01 mole) was added and the r efluxing 
ontinued for one hour. After cooling, 15 cc. of 30~b sodium 
solution was added. and the top layer containing the 
ther removed. The remaining dioxane was washed out by two ex-
ractions with 10% sodium hydroxide solution and heating on the 
team-bath in a small porcelain crucible for fifteen to twenty· 
inutes. 
-=-=-=- _  _:::-==-=--====-=~-'- --=== 
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The Use of 2-(4;..Morpholinyl)-ethyl Chloride Hydrochloride 
-----
As already stated 2 .. ( 4-morpholinyl )-ethyl chl:oride is not 
I 
stable, polymerizing slowly on standing at room temperature (48). j 
In order to be feasible for qualita t ive organic analysis this J 
method should involve a more suitable starting material. The 
hydrochloride of 2-(4-morpholinyl)-ethyl chloride is a stable 
solid. Accordingly, 4.7 g. of this solid was dissolved in 5 co. 
of water and. 10% sodium hydroxide solution was added until the 
solution became neutral. An equal volume of 20~b sodium hydroxide 
solution was then added and the top layer dried over Drierite for 
thirty minutes. The decanted. liquid weighed 2.9 g.. The use of 
this product in the semi-micro analysis already described did not 
affect the yield of picrate. Caution must be exercised, however, 
1n separation of the chloride and aqueous layer. Failure to take 
out all of the water results in the formation of sodium hydroxide 
when metallic sodium is later added. 
I 
-------
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IDENTIFICATION OF CELLOSOLVE USING AAUNO:METHYL ET EERS 
Introdu·ct ion 
It was found by Robinson (51 L about 1923 that amino ethers 
can be prepared from an alcohyl and an amine by the use of para-
formaldehyde. Because of the difficulty in separating all of th 
moisture when an a~ueous solution of paraformaldehyde was used, 
Stewqrt and Bradley (52) revised the method_ and increased the 
yield by using · solid trfoxymethylene. The reaction is carried 
out, according to the latter authors, by mixing equimolecular 
portions of a secondary amine such as diethylamine, an alcohol, 
and trioxymethylene under a 'reflux condenser. The reaction is 
usually started by merely mixing the reagents or by slight agita 
tion and. becomes so exothermic that cooling by an ic~-bath may 
be necessary in some cases. When the visible reaction has cease 
anhydrous potassium carbonate is a.dded and the mixture allowed t 
stand overnight. The solid is then separated by filtration and 
the filtrate fractionated--in a vacuum if necessary. The indivi-
dual fractions are dried with metallic sodium and redistilled. A 
40% yield was reported when methyl alcohol and diethyl amine were 
used. 
The reaction is shown as: 
NH(C H ) + CH 0 + ROH ___,...---~ (C H ) NOH OR 2' 5 2 .2 2 5 2 2 
The method was further simplified by IWison and Zief (53) 
-116-
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immediately by distillation of the azeotropic mixture of benzene 
and water. 
The general directions as given by Stewqrt and Bradley (52) 
when carried out with diethyl amine and ethyl cellosolve produce 
a liquid ether. When, however, attempts were made to obtain a 
solid derivative of this compound, e.g., picrate or hydrochlorid 
hydrolysis of the ether was evident. The odor of formaldehyde 
became strong in these trials. 
=====- - - -
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.Purification of Reagents 
Diethyl amine: E .K.--? 92, Practical. Two dis-
tillations produced a product boiling between 55° and 57°. The 
first and last quarters were discarded after each beating . 
Methyl cellosolve: Anhydrous magnesium sulfate 
( 5 g.) was added to 100 g. of the alcohol. This mixture was 
allowed to stand two days, filtered by means of cotton, and frac 
tionated. The first and £ourth quarters of the distillate were 
again discarded. 
Trioxymetbflene: Merck's product was used withou 
further purification. ,J 
·Ethyl aniline: A constant boiling fraction was ' .)1 
taken from Eastman's C.P. proa.uct by one ctistillation. 
Hyctrogen chloride: Hydrogen chloride, which was 
used in an attempt to form a solid, was generated by dropping 
concentrated sulfuric acid on ammonium chloride. The gas was 
dried by passing it through a 10-inch column of calcium chloride 
and a three inch column of c'oncentrated sulfuric acid solution. 
·\ 
'!. 
Picric acid: The impure solid was purified by 
dissolving in 957& alcohol, filtering, and evaporating to crystal 
liz~tion. Melting point: 121°. 
Ethyl iodide: A student preparation was used aft 
a single distillation. Boiling point: 72°. 
----------·--------------- ~--
------- ------ ----- - -------------
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Experimental 
1xp. 1: When 0. 5 mole ( 15 g.) of tri oxyme thylene was added 
to an equimolecular mixture of diethylamine (37 g.) and methyl 
cellosolve (38.2 g.), there was a slight evolution of heat as 
part of the aldehyde went into solution. The remainder of the 
solid was put into solution by war ming on the steam-bath for 
about ten minutes. Anhydrous potassium carbonate (10 g.) was 
then added and the reaction mixture was set away for twelve to 
fourteen hours. 
At the end of this time the carbonate was separated by fil-
tration through glass wool and the flask was warmed on the steam 
bath while connected to a downward condenser. No liquid distill 
ate resulted from this process; so the flask was cooled, anc1 the 
pressure reduced to 14 mm. 
Under these concU tions, a distillation using a fractionatin 1 
column 27 em. long, produced three distinct fractions in the dis 1 
tillate. The first of these passed over between 36° and 400, an 
amounted. to about 15 cc.; the second at 72.5-75.0° was the 
largest--38 cc., and, finally, the third portion clistilled at 
80-91° and had a vo l ume of approximately 10 cc.. As the heating 
was discontinued only 2 co. remained in the f l a sk. 
r hen metallic sodium was added to each portion, in turn, 
the first showed violent action and was judged to be methyl cel-
losolve, but the other two showed little or no evolution of 
hyd:rogen. jJ'urthermore, as each fraction was tested with a 
==----- - ~=====--=:__-==_--_-__ -_-__ : - .... == =--=-=-=-'++---==--==--= 
saturated solution of picric ac id in an at tempt to form a solid 
de r ivative, the low-boiling portion showed no precipitation 
whereas the second and third fr ac t i ons :prod.uced upon evaporation 
a ver y viscousoil which when exposed on a watch glass s t aTted to 
sol i di f y to a sticky solid aft er ten to twelve hours. Melting 
poin t : appr oximately 730. 
After two r edisti llations the ether was obtained colorless 
and pure at a boiling point of 73-74 .5° a t 16 mm . pre ssure. 
Yield.: 37.5 g., or 46.5% of that calcula t ed. 
Equivalent weight : 
Properties 
Ca lc • : 161 . 2 
:B'ound : 160. 5 
When tested. with al coholic picric acid in the usual way , a 
sol id wa s obtained by evaporation of the alcohol. 
Because of the difficulty in handling suc h a sol id , further 
attempts were made to prepare a well defined derivative. When 
dry hyd ro gen chlor i de was bu bbled into an t:.. therea l solution of 
the amino-ether, a white floccul ent precipitate was isola t ed by 
f iltrat ion and rap id dry i ng in th? sunlight. This product melte 
at 220° and gave an unc hanged melting point when mixed w"i th the 
_hydrocblor i cl e of di ethyl amine. Jf'uxthermore, upon evaporation of 
the f i ltered ether, a strong odor of formaldehyde was noticeable; 
so i t was believed, therefore, that hyd rolysis, catalyzed by the 
a ci die solution, had occurrect {51). Sue h an hypothesis wa s in 
a greement with the experimental results. 
120-
---====--====---=:.:=::= 
-121-
-=======-~-~-~ -- - --===-::-.. -.:.:::.== .. :.:::.:=::::::::..-.. ~====-::-...=..::......... - - • --· -:-:=-.=.=.:=.-::::::--==:-.-.:::.=..:-=====::--- -- --- ------· 
In spite of the fact that Litterscheid (54) describes ___ t_h~----===~-=--==--==-=-=-
difficulty encountered in quaternizing these aminoethers, a few 
attempts to form a salt with ethyl iodide were made. First, an 
approximately equivalent amount of redistilled ethyl iodide wa s 
added to one gram of the ether in a test tube and the solution 
was · heated slowly over a low flame until a slight cloudiness 
appeared. The mixture was then cooled quickly in an ice-bath 
the sides of the tube scraped until a fairly large amount of whi ,e 
precipitate had settled. After filtration and drying, this soli I 
seemed to melt slowly -between 93-110°. The quaternary salt 
diethyl amine prepared in the same way had a melting point 
(unc.). Furthermore, the odor of formaldehyde became veDy stron 
as the reaction mixture was slowly heated; so, again, decomposi-
tion was suspected. 
A slow reaction, without hea t, was carried out using the 
same quantity of reactants dissolved in 10 cc. of absolute ether 
After standing overnight, long needle-like, white crystals ap-
peared in small amounts. These melted sharply at 49.50 correcte 
(quaternary salt). 
Twenty minutes were required for even the slightest appear-
ance. of a precipitate in the case of the amino-ether whereas di-
ethyl amine produced a voluminous precipitate (m.p. 1640) after 
three to four minutes . 
Exp. 2: Since aromatic derivatives because of 
their higher molecular weight .are often solids while the corres-
ponding aliphatic compounds are liquids, an amino-ether was ' 
formed by mixing 30 g. of et hylaniline with 19.1 g. of met'hyl 
cellosolve, and 7.5 g. of trioxymethylene. Little or no heat 
was evolved as the reagents were mixed, and. it was necessary to 
warm for fifteen minutes under a reflux cond.enser before all of 
the solid went into solution. After a_rying overnight with anhy-
drous potassium carbonate and filtering , the solution was dis-
tilleu under ·a · vacuum of 16 mm •• At 32° approximately 14 g. of 
alcohol was recovered while the basic product distilled over 
clear at 178o. No attempts were made to further purify this 
liquid or to increase the 15.5% yield. 
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Discussion of Results 
The only type of ether synthesized which is suitable for I 
I 
qualitative analysis is the 2- ( 4-morpholinyl )"ethyl ethyl ethers j, 
of the cellosolves and carbitols. It was found that sharp-melt- 1 
ing picrates could be prepared from these liquid compounds. 
Furthermore, a semi-micro analysis using 2 cc. of purified ethyl l 
cellosolve was carried out with 2-(4-morpholinyl)-ethyl chloride 
hydrochloride as the reagent. 
Similar compounds can be prepared by condensation of 2-al-
koxyethyl halides ana. 2-(2'-alkoxyethoxy)-ethyl halides with 
sodium morpholide. The use of this metallic compound was I 
necessary .after the unreactivity of the 2-halogenated ethers I had 1 
been proven. The basic s a lt was prepared by refluxing with 
sodium amide . Interes tingly enough, the ethers which would be 
prepare a. ace or ding to this met hod by the use of the carb i tols ar 
identical to those obtained using 2-(4-morpholinyl) -ethyl chlori 
and the cellosolves. 
I 
Finally, the aminomethyl ethers described are entirely j 
unsuitable for i<lentification because of the ease with which the~ 
are hydrolyzed when attempts to form a picrate or hydrochloride l/ 
il 
were made . This is an imp eo. iment whic h must be removed if the !\ 
l
method is to be applicable. The results of quaternizing with jl 
,I 
ethyl iodide were somewha t favorable. Although the reaction was !I 
I . II 
!slow to proceed at room temperature and wa s prevented because of lj 
'I I hydrolysis at elevated temperatur e , i t seems likely that the I! 
= - _ 
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FORMATION OF ETHERS OF ETHYL CELLOSOLVE 
Introduction 
Ether formation, with ethyl cellosolve, as an example of the l 
ether-alcohols, was tried with the expectancy of obtaining solid 
compounds of high molecular weight. Condensation of an alcohol 
with a p henol by the use of sulfuric acid as well as a modified 
Williamson reaction wa s · carried out. 
A very pop~lar reagent for the identification of various 
compounds containing hydroxyl groups is triphenylchlormethane. 
This was used by Sabetay (55) working with primary, secondary, 
and tertiary alcohols, but his involved directions were simpli-
fied by Funakubo and Matsui (56). The latter authors allowed 
trityL; chloride, i.e., triphenylchlormethane, to react with alco-
hols in the presence of d.ilute hydrochloric acid . When ethyl 
cellosolve in the form of its sodium salt was used here, a gummy 
liquid which could not be solidified was obtainect. 
Many ethers are, at present, prepared under the influence of 
sulfuric acid by the loss of water from two molecules containing 
hydr.oxyl groups. A mixture of a phenol and cello solve, therefore, 
should produce an aromatic e ther. Dermer and Dermer (5~ ) not 
only succeeded in preparing the simpleJrnaphthyl-alkyl ethers 
·sing r -naphthol a cc ording to the directions of Gattermann ( ~8), 
but also obtained picrate~ of the liquid products. These deriva-
I 
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It was found, however, that only a slight amount of an oily 
product was obtained by using both p -naphthol and picric acid as 
the phenolic reagent with ethyl cellosolve. The yield was neg-
ligible in both cases . 
I 1-12.9 
Experimental 
I Formation of ethers using triphenylchlormethane 
I 
in 60 cc. of 
A solution of the sodium salt of ethyl cellosolve I 
benzene was obtained in the usual way using 0.05 ' 
mole quantities of sodium (1.2 g.) and the ether-alcohol (4 .5 g •• 
To this was added 13.9 g. (0.05 mole) of trityl chloride which 
had previously been recr;:lstallized from ale ohol and acetyl c hlor 
ide (m . p. 112-113°). Upon addition, the benzene solution became 
dark brown but lightened in color upon refluxing for twenty min-
utes. At the end of this time a white precipitate was visible 
in the flask. · .Afte1· filtration by suction, the benzene was eva-
porated on the steam-bath. The residue was colored light yellow 
and, although very viscous, aio_ not solidify after standing in 
the ice-box for t welve hours. 
The crude proctuct was then distilleo_ under reduced pressure 
The triphenylmethyl ether distilled at 238-2420 at 13 mm., but 
the color was not entirely lost even after the purification was 
repeated. Yield: 82 .<i ·p. No sol idi fication was apparent after 
standing at room temperature for two weeks • . At the ena. o.f this 
time it was heated on the steam-bath to decrease the viscosity 
and then poured into ice. Immediately, the product changed from 
a free-flowing liquid to a cloudy ~lmmy solid. The solidifies.-
tion was not advanced beyond this stage by continued cooling in 
the .ice- box ana. occasional rubbing . 
II Ether Formation with Phenolic Reagents 
A Using naphthol 
To 14.4 g. (0.1 mole) of unpurified p-naphthol was added 9 
g. ( 0.1 mole) of etb~l cellosolve and an equivalent amount of 
concentrated sulfuric acid. This w·as refluxed in an oil-bath 
maintaine d at 140° for four hours . The black mixture was then 
added, while hot, to 50 g . of ice and the flask rinsed wit h 50 
cc, of water. The decanted liquid became very gummy but turned 
to a light brown co l loida l solid upon addition of 10% sodium 
hydroxide solution. Filtration then resulted in a black liquid 
filtrate and a sweet - smelling. oily sol i d which appeared to be 
hygroscopic. ::?art of the oiliness was lost by wa shing the pre -
~ipitate four times with ether. The ethereal solution was then 
extracted again with 10% sodium hydroxide solution and dried 
over solid sodium hydroxide. The presence of some organic solut 
was indicated by a light yellowish brown color. (Solution I) 
The filt rate was als o ex tracted four times with 40 cc. por-
tions o:f ether. The extracts were dried over solid alkali . 
(Soluti on II) 
The solid which was prev iously filtered and washed proved b 
its solubility and ignition to be uncha.ngedp-naphthol. A sma ll 
amount of oil was obtaine d by evaporation of Solutions I and II 
and distillation under reduced pressure produced a few drops of 
distillate at 138-144° at 6 mm. ~ressure. 
When th is compound wa s treated wi th a saturated solution of 
127.-
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picric acid in the usual way a solid precipitated immediately. 
M. P . : 100.8- 102.0°. Yield: negligible . 
B Using Picric Acid 
In the same way, 22 . 9 g . (O.l mole) of picric acia. was heate 
with equivalent amounts of ethyl cellosolve and concentrated 
sulfuric acid in an oil bath (1400) for four hours . A black 
I 
solid was obt~ined in this case by pouring the .warm reaction mix 
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ture onto 50 g. of ice . The solid, however, melted at 119- 121 0 
after recrystallizati on from alcohol solution . This was unchang d 
picric ac id . 
The aqueous fi 1 tra te becE.l.me colored a deep red when made 
basic with 10% sodium hydroxi<le solution. ,A slight amount of 
this color passed into the ether layers when the solution was 
extracted with ether, but most of it remained in the basic layer 
After drying and evaporating the ether solution, a very small 
amount of red oil was obtained, but the yield was too small to 
be practical, i.e . approximately s%. 
More picric acid was r ecovered by evaporation of the aqueous 
solution. The total weight of recovered picric acid amounted 
to 17.8 g •• 
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REACTIVE ARYL HALIDES WITH CELLOSOLVES Al~D CARBITOLS 
In troCJ.ue t ion 
Although aryl halides are thought of as being unusually un-
reactive, the activity of such compounds is increased by the 
introduction of a negative group on the ring at the 2 or 4 posi 
t1on. Work was done, therefore, on nitrated chlor obenzene as 
well as p-nitrosobromobenzene. An experiment carried out using 
p- nitrobenzyl bromia.e is also described in this section in spit 
of the fact that it is not an aryl halide . 
The main difficulty experienced in these trials was the 
unusual tendency of the reagent to undergo reduction to an azox~ 
compound. This occurred particularly in a basic mectium. Thus , 
it was found that p-nitrosobromobenzene was reduced under the 
influence of tre sodium alcoholate, when mixed, to p,p'-dibromo 
az oxybenzene. Some halide reacted with the sodium salt , but th 
percentage was low. Reduction products were not expected in 
this case for no mention was made of them by Franzen and 
Bock ha c ker (59) or, later, by Todd and Shriner ( 60). These 
authors, on the other hand~ reported that refluxing for six 
hours of a mixture of p-ni troc hlorobenzene and sodium disso lved 
in ethyl a le ohol pro c!_uced 42 . 81~ change of halide to ionized 
halogen. Their work , however, apparently a.id. not include iso-
lation of a product. 
Kremer (61) recluced. side reactions to a minimum by using 
sodium ca-rbonate · as a condensing agent. Bven then he recovered 
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some p,p'-dichloroazoxybenzene as well as some p- aminochloroben- 1 
zene from a mixture of p-ni troc hlorobenzene ana_ ethanol amine .•• 
Later , working with others ( 62) he allowed the strongly basic 
/ morpholine to react with p~nitrochlorobenzene by refluxing for 
I 
I 
I 
ten hours . No mention was made of reduction . Another proof of 1 
i ncreased reactivity of the nitrated aryl halide with no mention I 
of an oxidation-reduction side- reaction was given by Kryuger and / 
Becton ova ( 63) who used the sodium salt of methyl ale ohol at 200 . j 
Agqin it was suspected, however, that no proa_uct beyond the 
ionized halogen was isolated . 
When the same general directions, i . e ., Williamson ether 
forrm tion, were applied to 2, 4- c.'lini tr oc hlor obenzene, no reductio 
took place . Instea d , the aryl ether corresponcUng to the cello-
solve or carbi tol was obtained . The same general findings that 
are here outlined were rep or ted by Dey and. Doraiswami ( 64) who 
found that sodium alcoholate reacted smoothly with 2 , 4-dinitro-
chlorobenzene but resulted in reduction when mixed with p- nitro-
chlorobenzene . When attempts were made to eliminate the forma-
tion of the sodium salt of the alcohol by the use of a condensin~ 
agent such as pyrict ine, di fficulties due to solid. molecular com-
pound formation of the heterocyclic base and aryl halide were 
enco1mtered . Purification of the ethers obtained from the cello-
solves ana carbi tols was i mpossible because of the ease with 
which they decomposed. at elevated temperatures. Whe n d.istilla-
tion, even at 1 mm., was a ttempted, part of the product turned 
black and copious white f umes were evolved .• 
It became necessary, therefore, to change the liquid dinitr< 
I 
I 
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ether into a solid compound without intermediate purification. 
This was done by reducing the dinitro ether to a nitroamine 
ether by the use of ammonium sulf ide . Although solids were 
obta ined with all but butyl carbitol the yields were low . 
Possibly , the l ength of the aliphatic sid.e chain hinders reduc -
t1on . Thus : 
NH 
2 
or 
+ NaCl 
NO 
2 
NH 
2 
Work done with p- ni trosobror.nobenzene was started with the 
hope of changing the nitroso ether which would be ob t ained into 
a solid azo compound by condensat ion with such a primary amine 
I' 
as aniline . This reagent , however , was also easily reduced--
this time to an azoxy compound . Finally, the use of p- n i t r oben- J 
zyl bromide as a reagent for the identification of cellosolves 
OR 
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and carbitols became impossible when a. high melting (above 3000) 1 
solid was ob t ained in one trial . Accord.ing to Pl is ov and co- I 
workers (65} this is a dibenzyl derivative formed by an inter-
mediate quinoid rearrangement in the reagent . 
I 
I 
I 
I 
I 
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nperimenta.l 
I Using p-nitrobenzyl bromide: 
A solution of tbe sodium salt of ethyl cellosolve in dry 
ether was obtained by mixing 11 . 5 g. (0 . 125 mole) of alc ohol and 
2.85 g. (0.125 mole) of metallic sodium with 200 cc . of ether . 
After reaction, s little less than an equivalent amount of 
p-nitrobenzyl bromide (25 g .) dissolved in 120 cc . of a 1:1 mix-
ture of ether and dry l>enzene was ad.ded dropwise while stirring 
and refluxing. Hea ting was then con tinued for two hours . 
At the end of this time the solution was divided into two 
parts . The first, after evaporation of the ether and benzene 
was mixed with 75-100 ec. of water . This produced a gummy brown sh 
precipitate which was very hard to handle . It was , however, 
s eparated by filtration through glass wool ana_ leached with a 
1:1 mixture of alcohol and ether. Most of the solid remained 
insoluble but became granular. Afte r drying overnight in a 
V.acuum dessicator, ignition showed the solid to be a high melt-
ing solid (a bove 3000) which burned with a smoky flame. The 
second portion of the reaction solution wben allowed to stand 
for 2-3 hours deposited a dark brown granular solid. This showe 
signs of melting when heated, in an ignition test, above 300° 
but most of the s-olid was soluble in vvater and gave a positive 
test for halide ion. 
·- -------
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II Using p-nitros obromobenzene: 
Pyridine, the condensing agent, was added dropwise to a mi ~ 
of 4. 5 g. of ni trosobromobenzene and 2. 6 g. ( 25jb molecular I 
excess) of ethyl cellosolve in 75 cc. of benzene. The pyridine , 
in a slight excess of that required, (2.0 g.) was added while 
the mixture was maintained at 40° and stirred vigorously. There 
was no appreciable heat change d.uring the a.d.dition. Finally, 
the flask was heated on the steam-bath for twenty minutes and. 
allowed to stand overnight at room temperature. 
The dark-green, homogeneous liquid was washed thre e times 
with 20 cc. portions of 6N sulfuric acid. to separate any rema in-
ing base. Upon distillation of the benzene, a few cubic centi-
meters of a. black crystalline product were found. By distilla-
() 
tion, the liquid proved to by ethyl cellosolve. The solid was 
recrystallized easily from benzene, using Norite to decolorize 
ana. finally, from a 1:1 mixture of alcohol and benzene. The 
light tan crystals melted at 170° an:a. thus compared with the 
p,p'-dibromoazoxybenzene reported by Ingold (66). The yield 
amounted to 3.1 g. or 71~~ of the starting mater ial. 
III Using p-ni trochlorobenzene: 
.Exp . 1: One-half mole quantities of ethyl cellosolve and 
metallic sodium were added to 200 cc. of ether. To this solu-
tion of sotaum alcoholate was added slowly 79 g. of p-nitrochlor r -
benzene (0.5 mole) in 80 cc. of ether• The temperature rose 
during this addition from 24- 31° and became very pasty. The 
====-
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benzene solution was then extract ea. with 50 cc. of · water 
after being heated on the steam- bath for one to one and one-half 
hours. The brownish-red solid at the interface was then filtere • 
The aqueous layer was acidified with ni trio acid and silver 
chloride precipitated, collected, dried and weighed , The 
weighed silver chloride showed that the reaction had proceeded 
to the extent of about 15.4%. 
More red solid similar to that previously filtered was 
obtained. by evaporation of the ethereal solution and cooling for / 
one and one-half hours in the ice-box. After recrystallization 
1 
I 
from alcohol this solid melted at 156.5° and weighed 53.5 g •• 
Exp . 2: The same reactants were mixed at 20° using one• 
I 
fourth· the quantities used in experiment 1. When all of the ·I 
I 
p-nitrocluorobenzene had been added, the pasty solution was I 
allowed to stand overnight at room temperature, The remainder 
of the procedure was identical with that used in experiment 1. 
The amount of p-ni trochlorobenzene which reacted was negligible. 
E;p. 3: Eighteen grams (0.2 mole ) of ethyl cellosolve was 
allowed to react with 4.6 g. (0,2 mole) of metallic sodium in 
75 cc. of benzene. To this solution ;.,as added 42 g . (0.4 mole) 
of anhydrous sodium carbonate ana. 31 .5 g . (0.2 mole} of p-nitro ... l 
chlorobenzene dissolved in 200 cc. of . benzene. This mixture was I 
stirred and refluxed for four hours. After washi ng the benzene 
layer four times wi th 50 cc. of water and evaporation on a stea 
bath, the residue was steam-distilled . 
The distillate separated into two distinct layers . The top 
layer was easily soluble in three 50 cc. portions of ether used 
in extramtion. The combined extracts were dried over Drierite 
and produced, upon evaporation, an oily residue. An oily solid 
formed when this was allowed to stand overnight. The solid 
melted between 75-soo. Yield: 1.4 g. or~% of the theoretical 
if this is the desired ether. 
The residue from the steam-distillation was filtered and the l 
solid recrystallized from alcohol. M.P .: 153-153.5°. Yield: 
14.4 g., or 52% of the theoretical. The recorded melting point 
for p, p' -d.ichloroazoxybenzene is 158° ( 67). 
A few drops of cellosolve were recovered by extraction of 
the aqueous portion of the distillate obtained by steam-distilla 
tion. 
IV Using 2,4-dinitrochlorobenzene: 
Exp. 1; To a mixture of 10.1 g. of 2,4-dinitrochlorobenzene 
(E.K. product) and 4.5 g. of ethyl cellosolve (0.05 mole quan-
tities) was added 15 g. of pyridine (0.2 mole). There was no 
heat evolved upon mixing, but as the mixture was heated on the 
steam-bath a solid became apparent. After heating for one hour 
the entire contents had become solid. After cooling to room 
temperature, 30 co. of wat~r was added. The solid went into 
solution easily. After 35 cc. of benzene had. been added and 
the layers separated, the organic solution was washed with 5-10 I 
I 
I portions of 10% hydro c hloric acid solution. The combined co. 
./ 
II 
benzene extracts were dried over Drierite for four hours and 
distilled from a steam-bath. The oily residue weighed 1.7 g •• 
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When the original water and ac ic1 extracts were combined and ; 
made strongly alkaline, a red precipitate separated. This was 
sparingly soluble in alcohol, ether, and benzene. Upon ignition / 
the solid melted at a high temperature with decomposition. I 
Yield: 12 .1 g •• This was probabl~ an addition compound of 
pyridine and dinitrochlorobenzene. 
Exp. 2: One-tenth mole of anhydrous sodium carbonate was 
mixed with efficient stirring with 0.05 mole quantities of 2,4-
dinitrochlorobenzene (10 .1 g.) and methyl cellosolve (3.8 g.) in 
75 cc. of benzene. No evolution of carbon ctioxide was found at 
the end of the condenser even by refluxing and stirring for thre 
hours. Nevertheless, the benzene layer was extracted twice with 
15 cc. portions ofwater and then dried over Drierite for twelve 
hours. The r esidue obtained. by distillation of the benzene 
amounted to 12.9 g.. This viscous oil was changed to a solid by 
vacuum distillation. The melting point, however, remained un-
changed (51°) when mixed with 2,4-dinitrochlorobenzene. 
Recovered reagent: 6.3 g. 
Exp . 3: This experiment was carried out using the same quan 
tities of rea,~~· ents as in experiment 1 except that here only 4 g. 
of pyridine was added . Furthermore, the reaction was carried ou 
using the starting materials in a solution of 75 cc. benzene. 
After heating for two hours, there was a copious amount of white 
precipitate on the sides of the flask. The benzene layer was 
extracted 1-vith three 20 cc. portions of 5% sulfuric acid. The 
latter gave a positive test for ionic halogen with silver 
=:H=l~-~.:t~~===-=-=======--=--===--== ----. 
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amount of yellow needles (1.7 g.) were visible. The remaining 
liquid solidified on cooling in an ice-box for two hours. The 
first solid. melted at 50.9-51.4°, i.e., unchanged 2,4-<linitro-
chlorobenzene, while the second solid melted at 43-480. The 
labile form of the reagent melts at 43°. 
Exp . 4: Using 12.0 g. of pyridine mixed with 15 cc. of 
benzene for dilution, this experi ment was carried out as in 
experiment 3. Thewhite solid, whi ch separated on heating, how-
ever, was filtered off and weighed . Impure yield: 2.5 g •• 
This solid was soluble in water and gave a positive halide ion 
test. 
In a latter experiment it was found. tmt when an aqueous 
solution of this solid : was macle strongly basic, a red precipi-
tate settled out. Compare with experiment 1. 
Treatment of the distillate, however, produced only an oily 
solid which, when dry, melted at 51°. 
Exp. 5: A solution of sodium alcoholate in benzene w~s 
prepa~~q f r om 12 g. of sodium (0.05 mole) by the addition of 
5.9 g. (0 . 05 mole) of butyl cellosolve . To this was then added 
10.1 g . of 2,4-dinitrochlorobenzene dissolved in 25-30 cc . of 
benzene. After heating for thirty minutes under reflux with 
efficient stirring, a copi ous brovm precipitate had settled in 1 
the flask . The benzene solution was wa shed twice with 25 cc . 
portions of water . Difficulty wa s encountered here in d i s tin -
guishing the interface between the two <lark brown layers, but 
with due care the extraction was possible. The solid was 
dissolved by the water which then gave a positive halide test. 
1 vacuum distillation of the residue obtained by treating 
the benzene layer in the usual way showed t ha t it consisted of 
some unreacted. ether-alcohol (2 .5 g .), unreacted 2,4-dinitro-
chl oroben zene and some of the expected ether . The latter frac-
tion could not be obtained in any good s t a te of purity for the 
boiling point rose gradually from 136° at 8 mm. pressure. Above 
200° decomposition became very evident and. thick white fumes 
appeared in the system. The last portion, however, was collecte 
above 200° . Yield: 10.5 g . or 74.4%. This wa s colored dark 
brown; so it wa s obviously impure. There was a great deal of 
charred, carbonaceous ma terial left in the fla~k . 
When similar experiments were carried out with methyl and 
ethyl cellosolves , impure ethers were obtained. No distinct 
fraction coul d be obtained , for the boiling point always rose 
slowly from 136° at 10 mm. to about 200°. Furthermore, a test 
for halide was obtained from this distillate after subjecting it 
to a sodium decomposition. 
Exp. 6: It seemed apparent from the above facts that an 
excess of the sodium alcohola te would have to be present in orde 
to carry the reaction as near to completion as possible . The 
following directions were, therefo re , adopted for all of the 
remaining experiments with the cellosolves and carbitols. 
To 75 cc. of dry, thiophene-free benzene was 
added 0.1 mole of the ether-alcohol being used. (A 25% excess 
was added to hasten the solut ion of the sodium. The reaction 
was speeded up about ten-fold). Then, a f ter 0.075 mole of 
metallic sodium (1.7 g.) had dissolved, the solution was rapidly 
stirred, A solution of 10 . 1 g. (0.05 mole) of 2,4-dinitrochlorol 
benzene in 30 cc . of ben~ene was then added, The first 8 or 10 1 
I 
I 
!J 
I 
cc. was aa_ded clropwise to the f lask at room temperature. The 
I 
remaining chloride was allowed to run in rapidly. The benzene 
solution of the sodi~m alcoholate turned from a light yellow .I 
color to a dark brown immediately upon addition of the first few /1 
II drops of the halide solution. 
11 
The flask was first allowed to stand at room temperature fo~l 
'I 
I 
I 
ten minutes and then refluxed on the steam-bath for thirty to 
forty minutes. After cooling again to room temperature, the 
solution appeared to be mixed with a pasty brown solid . The 
benzene layer was, therefore, extracted with three 25 cc. por-
ti.ons of water . The usual difficulty was encountered in separa-
ting the layers, but isolation of all organic matter was made 
more certain by re-extraction of the aqueous port ion with small 
portions of ether . The desired 2 ,4-dinitroaryl ether was then 
obtained in the usual way from the benzene l ayer. Decomposition ! 
was very evident when the high-boiling product was heated. 
Methyl cellosolve: An orange-yellow d istillate was 
obtained from this ether-alcohol at 217-2200 at 10 mm. 
pressure. Yield: 9 . 9 g •• or 81.8%. This experiment could 
not be repeated. ¥'Vhen an attempt was made to vacuum distil 
I 
the product from another trial, excessive charr ing and \ 
I 
. ] 
evolution of gas was evident . The first product was obtain~ d 
at 170-195° at 1 mm. pressure . When t h. receiver was ! 
I 
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new fraction again distilled as low as 164- 167o . ~1 inally , com-
1 
plete carbonization occurred . It seemed evident, therefore , tha ' 
distiliate. I a decomposition product was being obtained in the 
Ethyl cellosolve: One trial produced 9 . 9 g . of a dark 
yellow viscous liquid at 220-223° at 10 mm. pressure . another 
attempt, however, resulted in a great de~l of decomposition and 
only 4 . 2 g . of product was obtained at 200-203° at 1 mm . pressur • 
The 9 . 9 g . yie l d. is 77.35£ of the theoretical . 
Butyl cellosolve : Under no conditions could the 2 , 4-dinitr ' -
phenyl p butoxyethyl ether be isolated in anything approaching a 
pure state. \·hen a distillation was attempted , the temperature 
rose to 215° at 7 mm . and then dropped to 100 at 10 mm. ~ The 
liquid in the Claisen flask grao.ually became more viscous and. 
The decomposition wal 
Because it seemed evident that the ethers could not be puri 
carbonaceous and white fumes were evolved . 
also very evident at 1 mm. pressure . 
fied before reduction, treatment of the crude product was decide 
upon . The distillations of these cellosolves made it apparent 
tha t practically all of the 2,4- dini trochlorobenzene had reacted j 
and would not, therefore, interfere in subsequent steps . Ji 
il 
n interesting side reaction wa s investigated in connection !j 
with this procedure . When concentrated nitric acid was added to tl 
!1! 
l
the aque ous extracts of the reaction mixture, the color became i· 
' lighter and. a red oil separated. The r c(l oil wa s taken up by !i 
I extract ing with five 20 cc . portions of ether . This resulted in / 
l ! 1a o den- brown solution . After dryin"' over Drieri te and !1 
i 
II 
,, 
II 
II 
I 
: 
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evaporation of the solvent, usually about 2 g . of a red liquid. 
residue remained . Upon cooling overnight in an ice-box , yellow 
crystals could be separated by filtration. The average yie ld 11 
from this process was 0 . 3 g .. The so licl mel ted at 113- 1140 and ! 
was, therefore, assumed to be 2 , 4-dinitrophenol (M . P. : 114o) . 
The filtrate from this procedure reacted with metallic sodium an 
acetyl chloride and was considered to be excess a lcohol . 
Reduction of the 2 , 4- Dinitrophenyl Ethers: 
Exp 1: Reduction by the use of sodium sulfide was a.ttempte 
I' 
I 
I 
:I 
ll 
' I I 
, . on a sample of impure dini trophenyl p -ethoxyetbyl ether. This 
sample had been redistilled but the boiling point was not con-
stant. This process was adapted from the directions given by 
Grogg ins ( 68) . 
I 
Thus, 8 . 6 g . (0.034 mole) of the dinitro ether was mixed 
with ab out 50 . g. of wat ~ra.nd. heated in a boiling water - bath. 
While stirring vigorously 13 . 4 g . (0. 056 mole ) of hydrated 
sodium sulfide mixed with 4.7 g. (0 . 056 mole) of scdium b~car-
bonate in a concentrated aqueous solu tion was added in portions . 
About twenty minutes were required for complete addit i on . The 
I 
,, 
·I 
I 
solution became dark red while the heating was cont inued for t wo 1 
hours . During this time the mixture was stirred constantly and 
maintained a t 80- 85° . 
When the warm solution was poured onto 50 g . of ice , part 
of the organi . product solidified and sulfur was precipitated . 
The aqueous solution remained red. Dilut e ( 101~) hydrochloric 
I 
I 
I, 
II 
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I 
acid was then added until carbon d.ioxide was no longer liberated! j 
15 cc •• excess added, and the mixture was then extracted fi ve 11 
times wi th 30 cc . portions of ether . This was dried over Drieri~e 
and evaporated. (Solution I) 
The acidic solution was made alkaline wit h 20% sodium I 
li 
hydroxide solution and, although the solution remained dark red, •i 
'! 
a precipitate ana. an oil separated. This was then extracted wi thi 
eight 30 cc. portions of ether . This was then dried over :1 
Drierite and distilled . (Solution II) ·I The red aqueous so1ut1 on., 
'! 
became decolorized when sodium hydrosulfite was added to it and, :\ 
., 
later, became colored a. dirty brown as air was bubbled through it ' ~ 
:! 
There was no further extract obtained from it, however , by addi - :\ 
'! 
tion 1 treatoent with ether . 
! 
Solution I left a mixture of a solid and a liquid from the 
ether evaporation. The solid (0.1 g.) appeared to be sulfur when : 
it burned with a pale blue flame and melted about 120°. The 
liquid was not identified. 
I The residue from solution II appeared as a pale yellow, tarr~ 
sol.id. When recrystallized from alcohol and a.ecolor ized wi th I 
orite, 2.7 g . of a ye llow solid melting at 103-104° was obtained: 
inal melting point : 103.2°. Yield: 35~1% . 
I EXJ1 . 2: The directions :followecl were those outlinecl in 11 
IFos t texts. Ten grams of the impure dinitrophenyl p-butoxyethy1 i 
if ther obtained in the trial previously outlined was mixed with !, 
l
bo cc. of absolute alcohol and 6.6 cc. of ammonia (Sp . Gr. 0.90; i/ II 
I 
one. 28-29%). Hydrogen sulfide was then passed in above the I 
j. 
l 
li 
II 
surface for ten minutes . The flask was shaken repeatedly. The 
mixture became colored a deep red and some heat was evolved. 
As the alcoholic solution was then refluxed for thirty mi nutes 
a copious precipitate of sulfur settled. 
After cooling to room temperature, the process of adding 
hydrogen sulfide and refluxing for thirty minutes was repeated. 
At the end of this time the organic solute was precipitated out 
'--by mi ng with 200-300 cc. of water. A reddish oil separated. 
The mixture was tlwn heated on the steam-bath until all of the 
alcohol was removed (one-half original volume). The oil disap-
peared when 20% byo.rochloric acid solution was added until the j 
I 
solution was acidic and then 10 cc. in excess. The pasty preci- 1 
pi tate of sulfur was leached with 207~ hydrochloric acid solution 1 
After extracting the acidic solution with benzene, it was I 
II 
made alkaline with 20/& sodium hyd.roxide solution . The orange- II 
red precipitate which settled was cUssolved by extracting six II 
I, 
il times with 25-35 cc. portions of ether but the aqueous solution ~ ~ 
remained a deep red color. /1 
The residue obtained by evaporation of the dried ether solu~ 
tion became solid after standing ten to fifteen minutes. This / 
was recrystallized from a 1:1 mixture of alcohol and water. j 
I 
Yield: 3.6 g., or 40.5% of theoretical. This amount was obtain~d 
only bu addition of wat~r to the filtrate obtained from filtra- \ 
I 
' 
tion of a first crop of crystals. M.P.: 0 66-66. 2 • 
An attempt was made to recover some unreacted dinitro com-
pound from the original benzene extract of the acidic solution. 
Although it was apparent that some oilX material was_Qresent 
I 
I 
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after evaporation of the benzene, it was impossible to separate 
because of the presence of monoclinic sulfur. 
Exp . 3: The remaining trials were carried out upon the 
crude, undistilled dinitro ether. Thus, dark brown residue 
obtained by evaporation of the dried benzene solution of the 
r eac tion mixture was mixed with 50 cc. of 95% alcohol and 
reduced in the usual way with ammonium sulfide. 
To the alcoholic solution was added 7 cc. of concentrated 
I 
I 
II 
ammonia and hydrogen sulfide was bubbled into the flask for ten !j 
I 
to fifteen minutes. The mixture became warm and a precipitate o£ 
J sulfur started to separate, After refluxing fo r thirty minutes 
the process of adding hydrogen sulfide ana_ heating was again 1! 
carried out.. In order to reo.uce as completely as possible, 5 cc ~ 
I 
additional ammonia solution was added and the mixture was treatea 
I The by preparing ammonium sulfide and refluxing twice more. 
I 
total time required for reduction involves, therefore, t wo hours I 
of refluxing and one hour's treatment wi th hydrogen sulfide. . I 
W'hen reduction was considered to be complete, the ale oholic solu-\ 
tion was diluted with 200 cc. of water , made acidic with 10% 
hydrochloric acid solution and evaporate.d on the steam-bath to 
one-half the original volume, The concentr~ted acidic layer was 
then extracted with four portions of ether to remove unreacted 
dinitro compounds and as much exc ess cellosolve or carbitol es 
possible. The ethereal solution usually became colored a light 
yellow or brown but the dissolved material was not recovered 
because of t he objectionable presence of sulfur. The clear, 
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light red aqueous layer when made alkaline with 20% sodium hydro~ 
: I 
x ide solution (15 cc. excess added), deposited an orange-red oil :! 
:I 
or solid. This wa s dissolved in f i v e 40 cc. extracts of ether :1 
:j and recovered by drying over Drier it e and evaporation of the s ol• 
.I 
v ent. 
:I 
The red residue, with the ex cept i on of that obt a ined from 
.! 
butyl carbitol , sol i d i f i ed to an oily s olid upon standing . 
i 
•I The ! 
'I 
l eng t h of time required before obtaining a oo l id varied with the : 
d ifferent cellos olves and ca rbi tols. If ~ however , no soli ifica - ! 
I 
tion was apparent after standing for twenty- four hours at room 
temperature , the proctuct was washed several times with water and 
cooled in an ice- salt bath . '1 
When recrystallization from a lcohol was attempted , a reddis~ 
orange crystalline crop was first obtained . 
:I 
.A second ·c rop , al- i: 
though small, 7/S.S also obtained by evaporat i on of part of the 
!: 
1: ,, 
:I 
'I 
It was then founC!_· that when water was added to the con~ 
' 
alcoholic solution a red oil settled in the bottom of 
I n most cases, this oil with its super natant solvent 
,I 
was cooled in an ice- box for forty eight hours. By this means .J 
a small amount of additional solid was obta i ned , but most of the 1 
oily product remained as a liquid. Meanwhile, .the combined por-
tions of so l.id were recrystal lized from ale ohol . Yellow needles 
the physical constants of which a re recorded in Table I, were 
·I 
I obtained . 
In an attempt to pur i fy the red oily product described a bov I, 
dilute (10%) hydrochloric acid was added. until a cleqr solution 
!I 
., 
i• !i 
i . jl 
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1 8-10 cc . a n d cooled . The sol id hydroc hloride separa ted easily j 
'
\! II in crystalline form . The solid salts, however , resiste d all 1 
,, I 
\i at tempts to purify them further. Re crystallizations f rom alco- :: 
)) hol- e ther, a cetone - alcohol, benzene - alco hol, acetone - benzene , an:~ 
I , , ~
ether - ac e tone we re attempted. The yi eld of the hyd:cochlorids s 
before recrys t a lliza tion amounted, on an average , to 1 . 1 g • • 
No de f i ni t e melting po int wa s distinguishable . 
i' 
I 
il 
:· 
Incidenta lly, in the case of butyl cellosolve, ev~poration ! 
i. 
of . the s olution iD obtain the solid hydrochloride was not neces- li 
sary . In this case, the sparingly solubl e, white solid coul 
I ,. 
be,: 
I. 
I· 
recrystallized f:tom water . The yield was 1.8 g., but the solid i! 
I 
did not melt sharply . 
i! 
In the case of butyl carbitol , the amino-nitro product wa s i~ 
il ,, I obtained only as a viscous, r ed oil. This showed no signs of 
I II 1: ~~ :::i::i::::;:.:::: ::::: ::a::::gt:::::::::~ h:::w::.:nn:ce- :: 
Ji solid (except 0. 6 g. of s odium chloride ) was pr oduced when the ii 
Ji basic product was dissolved in 10% hydrochloric acid and the !: 
1!, 
1 
solution evaporated . I nstead , the semi-solid hydrochloride wa s ;: 
I 
! mixed directly with hydrobromic acid ana_ heat ed. This was done :: 
,I wit h other ethers in order to establis h the identity of the 
lj 
I compounds as the respective 2- amino-4-nitrophenyl derivative s . 
(See following section) . The summary: 
==.=-=.:::::.---:=.=- • -=..:::.._::.:;_·:....:--= :.::::..-:.:.: 
; 
1: 
j: 
I· 
I: 
" 
'· I 
I 
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II Table XIV 
I 
I 
2- Amino- 4- lH trophenyl ,- lkoxyethyl and j6-)e'-Alkoxyethoxy) -
II 
lcohol 
Used M.P. 
Methyl 
94- 95° Cellosolve 
thyl 
104° Cello solve 
Butyl 
66 . 0° Cello solve 
Methyl 
70-71° Carbitol 
Ethyl 
84-85° Ca.rbitol 
Butyl 
Carbitol Oil 
,ethyl Ethers 
Oily (a) Nitrogen Content 
Yield Residue Calc . Found 
2 . 6 § • 
24 . 5 7ta 1.8 g . 13 . 21 13 . 39 , 
2 . 0 § • 
17 . 7/0 1 . 1 g . 12.39 12 . 52 , 
1 . 3 ~ -10 . 2 0 1 . 8 g . 11 . 01 11 . 12, 
3 . 4 ~ · 26 . 6 wo 0 . 9 g . 10 . 93 10 . 87 , 
2 . 4 g. 
17 . 8 % 1 . 0 g . 10 . 37 10.60 , (b) 
4 . 7 g . 
( c ) 
..... ~ ......... ""-
(a) Expressed in weight of impure 
hydrochloride obtained . 
(b) Recrystallized by addition of 
wa ter to alcoholic solution . 
(c) Obtained only in impure form . 
13.14 
12.48 
11.15 
10 . 71 
10 .43 
----
II I. 
'I I 
I 
I 
lj 
I 
-------------------11 
\i 
:I I. 
II 
'I ----------~ j, 
_ _J 
I 
, I 
Proof of Structure of Products Obta ined ~ the Reduction 
.£! Dini trophenyl Ethers of Cello sol vee and Carbi tole 
In order to prove the structure of the compounds d.escribed 
in the previous section, it was necessary to convert these to a 
substance with known properties. Phenyl ethers are, generally, 
split quite readily to the corresponding phenol . Thus , the 
position of the amino group was proven by reaction of the ether 
with constant boiling hydrobromic acid . The directions followea j 
were, in general, those of Birosel (69). This ~uthor advised 
the use of a dilute solution of hydrobromic acid in glacial 
acetic acid . Therefore , in several trials 40 co . of a solution 
of one volume of 48% constant boiling hydrobromic acid in two 
volumes of glacial acetic acid was mixed with approximately 1 g. 
of 
of the reduction product dinitrophenyl ether. After heating on 
the steam-bath for six to eight hours, the reaction mixture was 
cooled ana made strongly alkaline with 10% sodium hydroxide 
. 
I 
' 
solution. 
il 
The basic solution wa s extracted four times with 3- 5 il 
!I 
ll 
cc . portions of ether. These extracts, after drying over 
Drierite and distillation of the solvent, showed a recovery of 
0.8- 0.9 g. of unreacted ether. 
The basic aqueous solution after being maile acidic by means II 
I 
of acetic acid was again extracted in a si milar manner with I 
ether . The combined extracts, however, produced only a small 
amount of oily product . i 
I 
It was evident from these trials that the decomposition was j 
I 
I 
I 
I 
II 
II 
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extremely slow. Severa l experiments were then carried out using 
a more dilute solution of hydrobromic acid and higher tempera-
tures. Therefore, one gram of the ether was mixed with 60 cc. o 
I 
an acid solution containing one volume of hydrobromic aci d to !1 
three volumes of glacial acetic acid. This mixture was then 1 
refluxed for eight to ten hours. During this time the color of 
.. 150-
the solution gradually deepened to a dark brown. Although it i1 . 
was found that approximately 70'/o of unreacted ether was recovere~ 
II 
in each case,by extraction of the basic aqueous solution, dis- jj 
tillation of the ether used for extraction of the buffered acidi 
solution produced a small amount of brown needles. A bit of 
tarry liquid, which gave a characteristic bromine odor when 
heated, was also present. The yields of impure phenol was 0.1-
0.17 g., or 10-17% of the theoretical. 
The phenol, after recrystallization from an alcohol-water 
mixture (3:1), melted at 85-89° (hydra ted) and 140° (anhydrous). 
This corresponds to the recorded melting point of 2-amino~4-
n1trophenol (142-143°) (70). This experiment was carried out 
using the 2,4-dinitrophenyl ethers of methyl and ethyl cellosolv 
and ethyl carbitol. No indication of the presence of any 4-amin 
2-nitro ether was obtained although the acid-soluble, oily pro-
duct previously described produc ed a phenol with a lowered melti 
point (138.5-140°). 
When hydriodic acid was used in an attempt to increase the 
amount of phenol obtained, it was found that the conditions 
,necessary to bring about splitting of the ether al. ao caused 
increased decomposition of the hydriodic acid. 
====fl==- =-=--=-=·· --····-····· ·-- :=:.·-:.:;::~. :"""7"~.~:::-:c:-· -
Isolation of any I 
product was then made difficult by the presence of iodine. Thus 
no splitting was evid.ent after beating a mixture of hydrioclic 
acid and . dinitro ether on the steam-bath for one hour, but iodin 
interfered if the heating was continued for eight to ten hours. 
Although the ethers appear to be very stable to the action 
of acids, the small yields of 2-amino-4-nitrophenol prove that 
reduction, here, involves the nitro group on the narbon :·at-om 
ortho to the substituted alkoxy group. This conclusion is 
supported by Cahours (71) and, later, Colbert (72). Reduction 
by means of ammonium sulfide of 2T4-din1troanisol and 2,4-dinitr 
phenetole produced, according to these authors, the 2-amino 4-
ni tro ether. 
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Discussion of Results 
The work with the reactive aryl halides only demonstra ted 
many objections to the use of these compounds as reagents for 
qualitative analysis . In the first place, p-ni trosobromobenzene 
and p-nitrochlorobenzene were easily reduced by a sodium alco -
/-152-
holate to their respective azoxy compounds. . I 
Furthermore, when 2,4-dinitrochlorobenzene was used, it was j 
found that the products were decomposed easily at elevated tem- ; 
peratures . This made purification impossible. There was no f 
I 
tendency for these 2,4-dinit:rophenyl ethers to solidify, however{ 
so, it became necessary to convert these intermediates to some 
derivative. Reduction of one nitro group in each compound pro-
1 d.uced amino-nitro ethers but only in poor yield, It seems likel~, 
I ' I 
I 
tha t the presence of a long sid. e -chain interferes with the I 
I 
rapidity of reduction. Hydrobromic acid. was then used to split i 
II 
1 the ethers obtained into lmown compounds. In this way the ll 
structure of the basic prod.uct was established as the 2-amino-4- : 
nitro phenyl ether . 
Evidence that some red.uction in the 4 position occurred was 
offered by the fact that an oily res·ia.ue, soluble in dilute I 
hydrochloric acid , was obtained in each trial. This could well 
have been a mixture of the 4-a.mino and 2-amino compounds. 
ANALYTICAL METHODS 
A brief summary of the analytical methods used in the cours• 
of this investigation may be helpful. 
Kjelda hl 
Compounds Containing No Nitro Group: 
Sufficient sample was weighed out into a Kjheldahl flask so 
that approximately 30 cc. of acid would be required to neutralize 
the ammonia formed from the nitrogen present. The sample was 
mixed with 25 cc. of concentrated sulfuric acid, 5 g. of pure 
sodium sulfate, and a small bit of copper sulfate. The mixture 
was then digested over a small free flame until no black specks 
of carbon remained visible in the flask • 
. After cooling, 200 cc. of distilled water was added and the 
white cake was dissolved by warming the mixture. The conten ts 
the flask were again cooled to room temperature, about 1 g. of 
granulated zinc droppe d in~ and 50 cc. of 50% sodium hydroxide 
solution added slowly down the sides of the flask. The alkaline 
mixture was then disti l led through a Kjeldahl trap into an 
adapter which dipped below the surface of a known amount of stan-
dard acid. When vigorous bumping started, the heating was dis-
continued and the excess acid t i trated using standard sodium 
hydroxide (0.1 N) solution. 
li 
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Compounds Containing Nitro Groups: (73) 
The procedure was the same as that outlined above except 
that reduction is necessary before decomposition . Thus, the 
sample was first shaken in the Kj eldahl flask with 30 cc. of 
centra ted sulfuric acid and. 1 g. of salicylic acid and allowed 
to stand for five minutes . Then , 5 g . of sodium thiosulfate was 
added and the flask was heated for five minutes. After cooling II 
t o room temperature, 5-8 g. of sodium sulfate was added with a j 
small bit of copper sulfate. The digestion and subsequent treatJ 
ment was then identical with that already described. 
Carbon-HYdrogen Analysis: (74) 
The compounds were analyzed for carbon and hydrogen by the 
use of Pregl ' s semi-micro apparatus . The apparatus consisted of 
a source of oxygen, a drying tower of potassium hydroxide, a 
regulator filled with concentrated sulfuric acid, a 
bble counter, the combustion tube, absorption tubes filled with 
nydrite and ascarite and an aspirator. The combustion tube 
s prepared by filling with alternate layers of copper oxide and 
latinized asbestos from about 10 em. in the tube to within 7 em. 
f the other end. This end is filled with, first, lead chromate 
nd flinally, silver wire. The boat is made of platinum and rests 
ing combustion near the first layer of platinized asbestos. 
of copper oxide is placed in front of it in the tube . 
Ali 
li 
I! 
The process is started by first burning out the combustion I 
I 
il 
s are lit beneath the e and a slow stream o 
oxygen is admitted. The gas is a llowed to pass through the tra 
under the influence of the aspirator. The weight of the t wo 
absorption tubes are taken and the gas is passed through until 
the tubes do not change in weight after thirty minutes treatment 
About 0.050 g. of the sample is then weighed into the platinum 
crucible. Meanwhile, the end of the tube nearest the absorption 
tubes is kept hot. After introduction of t he sample, the oxi-
dized c opper spiral is replaced and the drying train connec t ed. 
The oxygen which has been turned on throughout is now pa s s ed 
a gain through the combustion tube . The burner nearest the sampl 
is turned on and he at ing started as far in fron t of the unknown 
as pos sible . Appr ox ima tely 50 cc. of oxygen at the rate of one-
hal f t o t wo bubbles per second should. be allowed to pas s through 
the train before burning is commenc ed. :!Jlinally, heating is con-
tinued until the boat has been burne d cle an . 
Aft er sweeping out the tra in with 100 co. of oxygen , the 
absorption tubes are weighed and. the p~rcentages of carbon and 
hydrogen calculated, using f ac t or we ights . The absorbent tubes 
in each weighing must be trea t ed i n t he same way. Tha t is, the 
tubes are first wiped with a damp cotton cloth, a dr y clo t h, and 
then all owed to attain constant temperature by remaining in the 
ba lance cas e for fifteen minutes. 
I 
1
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II 
suroo RY 
Becaus e the inve s tigational work described in this thesis 
:
1 was undertaken in an effort to derive a system applicab l e t o the 
[t 
t! I 
1! formation of solid derivatives of the monoal kyl ethers of ethyl-
,. 
)! ene glycol and eli ethylene glycol, the researc h pr oj ect h.o.s been 
·: l! 
:: a succes • Al though many types of derivatives were prepared. ~nd 
II 
:j severa l found to be solids, the possibility of applying them to 
I, 
!I a scheme f or qualita tive o:rganic analysis can be seriously 
" questioned . I 
,I 
Obviously , the finest method produced as a result of this 
t hes is is that concern ed with the pr epa ration of the p--nitro-
phenyl carbamates . 
I 
The distinct advantages of this process are: J 
1 Only a smll amount of the ether- a lcohol 
is neces ary. 
2 The actual laboratory work involves only 
' I 
about thirt y to forty minutes . II 
3 The yields are high as only one step is 
used . 
l 4 The solids are ea s ily recrystallized to 
sharp- melting crystals . 
The clirections as outlined required t he use of only 0 .01 
of th~ alcohol to obtain sufficient derivative for analysis. 
though different solvents were used for rec:rystallizations , the 
1 
choice of the s olvent is made easy by ovservation of the 
s olub i lity of the derivative when it is first isolated . Analysi 
I 
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by means of the picrates of the 2-(4-morp holinyl)-e tr~l ethers 
a lec requi r es only a sma l l amount of cellosolve or carbitol. 
This method , however, requires a longer workin g time ana_ the sep 
aration of the solid picrat e is made difficult because oils are 
formed, particularly wi t. h the carbi t ols. It appears, however , I 
t ha t 2-(4-morpholinyl )-ettwl chloride hydrochloride can be appliJ 
a s an identification reagent only if care is taken to keep t he 
reaction mixture dry at all t imes. 
A most interes t ing compariscn can be made as a result of 
this work . It was found t ha t the p-a.minoben zoates of · the cel l o-
s olve s and ethyl carb i tol were so l i ds whereas the corre sponding 
c- amino compound s were high-boiling liquids. The latter der iv -
tive ~ , however , wer e easi l y changed into fairly high-mel ting 
s olids by the use of picryl c hloride . · ith the p- amino est ers , 
more satisfactory s olids were obtained by dia zotiza tion 'of the 
amine fo l lowed by coupl ing to dimethylaniline . 
~o aromatic nitro derivative was isolated as a solid. The 
p-nitrobenzoatea of the ether- alc ohols were prepared as inter-
mediate compounds, however, and the dinitrophenyl ethers were 
obtained but not purified. The most interesting applicat i on of 
these last-mentioned compounds was their reduction to 4- amino-2-
nitrophenyl ethers by means of ammonia sulfide. Such derivatives 
ould be very sui table for an identification scheme if the yield 
of the reaction could be increased . It seems , however, that 
I 
I 
I 
II partial waste is occasioned by some 2-amino 4-nitro phenyl ether 11 
being formed. The latter compound was not identified because if 1
1 
could not be urified b solidification or conversion to the !I I 
II 
I 
I 
!I 
\\ 
I 
~====~=================================================================·-.~ ~==-======~ 
I 
hyctr oc hlor ide. I 
Various other re actions were tried but the resul ts_ wer e not ,/ 
I in these ca ses , particularly satisfactory . ..t!iS.Ch s<;heme is 
discussed i n full in the description of the results a t the end o 
each sect i on . In general, it was found that the identification 
of methyl and ethyl cellosolve was al wa ys most ap t to produce 
solids . The carbitols, on the other hand , although forming , a t 
times, rather high-melting sol ids had. a tendency to produce oils . 
It was found that et~yl carbitol notoriously exceeded methYl 
carbitol and , often, butyl carbitol in this respect . 
1' 
- - ------- -
ABSTH CT 
In the identification of any organic co mp ound the fina l 
step is the fo rmation of a s oli d derivative. This work was 
undertaken therefore, in an attempt to prepare solid compounds o 
the monoalkyl et hers of ethylene glycol and d !ethylene glycol 
which would be suitable for identification. Although several 
I jmethods were tried, only two appeared to be suitable. The 
!urethanes obtained by the use of p-nitrophenyl isocyanate and 
1p1crates of the amino-ethers which resulted from the use of 
the 
2•l4-morphol1nyl)-ethyl chloride wer e, alone, applicable to 
' 
ilanalysis work. 
J! It was found that a well-defined crystalline solid urethan 
jwas formed when the cellosolves, i. e . monoalkyl et hers of ethyl-
I 
ene gl ycol, or carbitols, i.e. monoalkyl ethers ~f diethylene 
glycol, were allowed to react v. ith p-nitrophenyl isocyanate. 
Ji'urthcrmore, the process coul d be con(1ucted on a s emi-micro 
scale. Equ imolecular quantities of the reactants were mixed and 
heated on the steam-bath for f ive to seven minutes. Then, after 
\cooling for thirty to forty- f i ve mi nute s, the gelatinous mass wa 
extracte d with hot carbon tetra chlor i de . The desired pr oduct · a 
1 in this way separa ted f rom any dieubs tituted urea wh ich mi : ht be 
I 
~ formed as a by-product. It was often ne~eseary to evaporate the 
, carbon tetrachloride aolru tion under va cuum before attempting 
\ 
I 
recrystallization. The higher members were moat easily r ecrys-
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I 
other cases the use of o<..-naphthyl i s ocyanate as a r eagent was 
tested. The urethanes which were obtained as products were 
gelatinous in the case of butyl cellosolve and very diff icult to 
isolate as solids in the case of tl':e carbi tole. 
ing this to rea ct with the amino-a hlor ide. Because of the pecu-
! 
l
liar tendency of this rea gent to remain unreactive in solutions 
constant 
of low dielectrlc/(48), the use of a molecular equivalent of 
oellosol ve or carb i tel was prohibited. Instead, 1 t was necesaa r 
to have an excess of alcohol (substance of high dielectric con-
latant)present in the dioxane (sub stance of low dielectric con-
stant) solution. When the solution of amino-ether had been 
sepa rated by filtration from the precipitated sodium chlor ide, i 
was distilled in vacuo. A clear, colorless liquid which 
developed a s trongly putrid odor on standing wa s obtained. It 
then became necessary to change this liquid into s solid deriva-
tive by u tilizing the tertiary amine grouping. fhen it was 
.allowed to re a ct with alcoholic p icric acid, a yellow precipitat 
of the expectea salt wEs obtained. In the ca se of the oarbitols 
l6C 
----
some difficulty wa s experienced in isolating these soli s . The 
directions had to be modified, pa rticularly in the ca se of butyl 
carbitol, by the substitution of aqueous pi cric acid solution. 
Finally, because 2-(4-morp holinyl)-ethyl chloride is 
r[unstable at room temperature' polymer! zing to a dimeric form, th 
l1 use of ita hydrochloride as a rea gent was tested. If care was 
)exercised, the free amine could be obtained from the hydrochlor-
1 
~~ ide and used directly. The details of the procedure were worked 
I
I out to such a point thllt a complete test vras performed on only 
.\ two cub ic centimeters of ethyl cellosolve. 
l1 ll 
1: Al though the above-mentioned methods were the only ones 
f[ from which solids were obtained by the use of micro or sem!-
li micro quantities, several other reactions produced interesting, 
/! well-characterised solids. In many ca ses, also, the t end ency of 
j the simple derivatives of the cellosolves ana carbitols to be 
I free-flowing liquids or viscous oils was demonstrated. b or 
instance, the liquid anthrani l ates or c-amin o benzoates of the 
oellosolves and. carb i tols were prepared in a s i mple way by heat-
ing the suitable ether-a lcohol in a ben zene so lution of methyl 
anthrani l ate . A tra ce of the sodium salt of the a lcohol being 
used was a0a ed a s a ca talyst ane. the hea t was regul ted so tha t 
1 the temperature a t the head of the f ractionating column wa s main 
/ tained at 58° a s long as possible. The desired ester was then 
isolated by fractionating in vacuo. When the usuDl reagents for 
1 amino groups, i.e. benzoyl c hloride, hydrochloric acid. sodium 
nitrite, and acetyl chloride, f a iled to pr oduce solids. picryl 
chloride was mixed with each anthranilate in turn and heated. 
161-
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Cooling . ex traction wit h alcohol and recrystall ization pr oduced 
orange -yellow crystalline p1oranilides • 
. A derivative similar to the anthranil a tes was prepared by 
esterifi cation and subsequent r eduction of p-ni trobenzoic ac id. 
The unreduced ester was. obtained by condensing p ... nitrobenzoyl 
chloride vr i th eae h ether-alcohol in t :1e presenc e of p;y"Tidine. 1 
many t r ials the ester was pur i f ied by vacuum distillation after 
lan etherea l solution of the pr oduc t had been was hed. with dilute 
sulfuric acid .. solution to remove unrea.cted pyrid.ine" In other 
IJ 
!l eases, the unpurified ester was :r educed. i mmed.i a tely. 
/I Reduction of t he nitro group wa s a ttempted i n t urn, w-ith 
I, 
Ji ammonium chlori de ana zinc, hydrochlor ic ac i d. and i:ron p ow er, 
II and fina lly. tin and hydrochloric ac !d. In tho f1rat case, the 
I desired hydroxylamine was f ound to be contaminat ed wit h many 
' by-products such as the amine ana az o der ivatives . ~ hen a l arge 
excess of iron p owder mi xed to a pas te with hydrochloric ac id 
j was stirrel'l. into a portion of the p-ni t:rohenzoate a vig orous 
/ reaction ensued , but in most cases a portion of unreduced ester 
was f ound upon isol ati on of t he ami.ne. The well-known method of 
1 
adding d ilute hydroa hloric acid. to a mixture of the nitro com-
1 p ound a n d granulated tin pr oduce cl the desired amine in good 
I j yield. The p-ami n obenzoate s wit h the single exception of that 
obtained from butyl carbi t ol were sharply-melting sol i ds. In 
order to obta in a universal s ol id der iva tive by this me thod , 
however f it then became necesSf'• l'Y to d iazotize and couple the 
dia.zotized p-aminobenzoa te -r.v ith d i me thylaniline. This method 
was resorted to '"hen acylat ion, benzoylat ion, anc1 salt .formation 
162-
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1 This method of obtaining a d.erivat1ve by the use of p-ni tr -
benzoyl chloride as a reagent is not suitable. however, for 
i dentification purposes. Too many steps and too large a quantit 
of starting material render it i mpractical. 
Another reagent 111 hich has been proposed for the identifies 
tion of alcohols is benzenesulfonyl chloride. When the possibi-lli ties of this compound wer e tes ted, it was f'ounil that although 
I I the a romatic sulfona t e a could be obtained. without much d.iffi-
' j cul ty, t hey VTere in all cases 1 i qu. ids. The esters were prepared 
I I in an e therea l solution by mi xing benzenesulfonyl chloride and 
j the ether-alcohol and then adding a base (sodium hydroxide or 
·I 
l pyridine) to act as a conden::dn.::" agent. Purification by distil-
l 
! lation in vacuo was not entirely suitable, for excessive quatern 
ization with dimethylaniline on the unpurif.1ed material gave ve r 
inconsistent resul t s due, pr obably, to unreacted acid chloride. 
It was thoug ht that a solid sulfonate coul d be obtained directly 
by the u.se of p-acetaminobenzenesulf onyl chloride, but the oily 
products which were produced in only small yields resisted all 
e f forts to solidify them. Decomposition to sulfanilic acid 
occurred v ery ea sily on warming or dhydrolysis. · 
The efficacy of several r eac t ive aryl halides wa s a lso 
t es t ed. An account of each f ollows: 
p-Nitrobenzyl bromi de: A Williamson reaction 
conducted in dry ether-benzene solution produced a high-
melting solid (above 3000) of unknown char acter. 
p-Nitrochlorobenzene: The only product isolated 
-=c==r;~~--~-~~1111-~;~-~~ -s~--;;-th~-:=~ is con uc ted with this reagent proved t 
I 
, be p, p ' -cHc hloroazobenzene. Neu traliza ti on of the etherea l reac 
tion mi . +,ure by means of sodium carbonate had ·no effect. 
p-!romonitrosobenzene: Again redu~tion instead of the 
expe ·ted condensation reaction took place. The product obtained 
so 
in this ca se by condensing p-bromonitroft>enzene and ethyl cello-
solve by the addition of excess pyridine was p,p'-dibromoazoxy-
benzene. 
2,4-Dinitrochlorobenzene: By the addition of a second 
nitro group to the aromatic nucleus, the chlorine atom became 
sufficiently active to react with sodium alcoholate. It was 
found most convenient to add the halide in benzene solution to a 
benzene solution of excess sodium alcohola te. After standing at 
room temperature for ten minutes and refluxing slowly for thirt 
to forty-five minutes, the so i um chloride and excess alcoholate 
were sepa rated by wa shing with wate r. Distillation in vacuo pro-
duced the colorless dinitrophenyl ether. Because these ethers 
were liqu ids, the second step in this sequence V'las r eduction by 
the use of ammoniacal hydrogen su lfide. By alterna tely bu.bblin 
hyoros en sulfide into an a mmonia-alcohol solution of the ether 
1 and refluxing, reduction of one nitro group was effected. The 
I· 
)I amino-nitro ether was a solid in all cas es except that of butyl 
/ carbitol. The atructtlre o£ this pro duct was proven to be that 
the 4-amino-2-nitrophenyl ether by re action with hydrobromic aoi 
in glacial acetic acid solution. A small amount of 4-amino-2-
nitrophenyl ether also appeared to be produced in each trial. 
The conversion of the cellosolves and carbitols to acids 
-164-
·:..~=-=--=-===--==- __ --;:....::;:-~:.:..:::::= ·.·..:.::....-.:=--=:..-:_.:._:--_-:.-:.- ------------- ------- ---------·------- -----------------------
------------·-------------------------·------------------ ·- ----===---=--:.:::..:--- =Ff-== 
II 
II 
l 
-
- 65-
!which could t hen l)e easily identif ied wa s also attempted. First, 
·oxida t ion by the use of alkaline permangana te or potassium di• 
chromate - sulfuric acid mixture produced a small yield o:f the 
d.esired alkyl glycollic a c i d mixed wit h the a ldehyde and 
unrea cted alcohol. After purifica tion, the yield was negligibl 
Secondly, the conversion of cellosolves and oarbi tols to 
p-alk oxyethyl a.nd f3, fB •-a lkoxye thoxyethyl glycollic acid respec-
tively, by condensation o£ the sodium alcoholate with chloro-
. acetic aci d was tried. This l a tter method produced encouraging 
quantities of the expected acid , but a large exc ess of ether-
alcohol wa s necessary for its pr-epa ration. The percentage yield, 
baaed on the qua.nt i ty of substitu ted glycol used, was increased 
by first formlng a salt of the chloroacetic acid with morpho-
! line or pyridine. Although the common a ci d deriva tives, such as 
!I the esters obtained from p ... phenylphenaoyl bromide, salta of 
llpiperazine, ana p-toluidides were applied to these acids, solid 
llderiva tlves were obtained from methyl and ethyl cellosolve only. 
11 Thus; although most methOds of obtaining a solid derive-
,, . 
11 tive for ana lytical purposes proved unsatisfactory in some 
// respects, t wo genera l methods were tested and proven to be 
,, 
!a pplica ble. The p hys ~cal constants and analyses of the previous 
I 
unreported products obtained in the course of the research are 
recorded. 
- . --··-----·---· 
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In the identification of any organic compound the final step is the forma-
tion of a solid derivative. This work was undertaken therefore, in an attempt 
to prepare solid compounds of the mop.oalkyl ethers of ethylene glycol and . 
diethylene glycol which would be suitable for identification. Although several 
methods were tried, only two appeared to be suitable. The urethanes obta'ined 
by the use of p-nitrophenyl isocyanate and the picrates of the amino-ethers 
which resulted from the use of 2- ( 4-morpholinyl) -ethyl chloride were, alone, 
applicable to analysis work. · 
It was found that a well-defined crystalline solid urethane was formed 
when the cellosolves, i.e., monoalkyl ethers of ethylene glycol, or carbitols, i.e., 
monoalkyl ethers of diethylene glycol, were allowed to react with p-nitrophenyl 
isocyanate. Furthermore, the process could be conducted on a semi-micro scale. 
Equimolecular quantities of the reactants were mixed and heated on the steam-
bath for five to seven minutes. Then, after cooling for thirty to forty-five 
minutes, the gelatinous mass was extracted with hot carbon tetrachloride. The 
desired product was in this way separated from any disubstituted urea' which 
might be formed as a by-product. It was often necessary to evaporate the 
carbon tetrachloride solution under vacuum before attempting recrystallization. 
The higher members were most easily recrystallized from carbon tetrachloride-
ligroin (?.: 3) mixture. In other cases the use of ..( -naphthyl isocyanate as a 
reagent was tested. The urethanes which were obtained as products were 
gelatinous in the case of butyl cellosolve and very difficult to isolate as solids 
in the case of the carbitols. 
Likewise, N,N-diphenyl carbamyl chloride failed to be useful because of 
the extremely low melting point of the products. With this latter reagent th~ 
products are N,N-diphenyl urethanes or carbamates. During the course of 
the reaction pyridine was used as a condensing agent. 
The amino-ethers which were mentioned as being suitable for identifica · 
tion were obtained by the use of 2-(4-morpholinyl)-ethyl chloride. The re-
action was carried out by first preparing the sodium salt of the alcohol-ether 
being tested and then allowing this to react with the amino-chloride. Because 
of the peculiar tendency of this reagent to remain unreactive in solutions of 
low dielectric constants, the use of a molecular equivalent of cellosolve or 
carbitol was prohibited. Instead, it was necessary to have an excess of alcohol 
(substance of high dielectric constant) present in the dioxane (substance of 
low dielectric constant) solution. When the solution of amino-ether had been 
separated by filtration from the precipitated sodium chloride, it was distilled 
in vacuo. A clear, colorless liquid which developed a strongly putrid odor on 
standing was obtained. It then became necessary to change this liquid into a 
solid derivative by utilizing the tertiary amine grouping. When it was allowed 
to react with alcoholic picric acid, a yellow precipitate of the expected salt was 
obtained. In the case of the carbitols, some difficulty was experienced in 
isolating these solids. The directions had to be modified, particularly in the 
case of butyl carbitol, by the substitution of aqueous picric acid solution. 
Finally, because 2- ( 4-morpholinyl) -ethyl chloride is unstable at room 
temperature, polymerizing to a dimeric form, the use of its hydrochloride as ., 
a reagent was tested. If care was exercised, the free amine could be obtained 
from the hydrochloride and used directly. The details of the procedure were 
worked out to such a point that a complete test was performed on only two 
cubic centimeters of ethyl cellosolve. 
Although the above-mentioned methods were the only ones from which 
solids were obtained by the use of micro or semi-micro quantities, several other 
reactions produced interesting, well-characterised solids. In many cases, also, 
the tendency of the simple derivatives of the cellosolves and carbitols to be 
free-flowing liquids or viscous oils was demonstrated. For instance, the liquid 
anthranilates or o-amino benzoates of the cellosolves and carbitols were pre · 
pared in a simple way by heating the suitable ether-alcohol in a benzene solu-
tion of methyl anthranilate. A trace of the sodium salt of the alcohol being 
used was added as a catalyst and the heat was regulated so that the temperature 
at the head of the fractionating column was maintained at 58° as long as pos-
sible. The desired ester was then isolated by fractionating in vacuo. Wher, 
the usual reagents for amino groups, i. E;:. , benzoyl chloride, hydrochloric acid, 
sodium nitrite, and acetyl chloride, failed to produce solids, picryl chloride 
was mixed with each anthranilate in turn and heated. Cooling, extraction with 
alcohol and recrystallization produced orange-yellow crystalline picranilides. 
A derivative similar to the anthranilates was prepared by esterification 
and subsequent reduction of p-nitrobenzoic acid. The unreduced ester was 
obtained by condensing p-nitrobenzoyl chloride with each ether-alcohol in the 
presence of pyridine. In many trials the ester was purified by vacuum distilla · 
tion after an ethereal solution of the product had been washed with dilute 
sulfuric acid solution to remove unreacted pyridine. In other cases, the un-
purified ester was reduced immediately. 
Reduction of the nitro group was attempted in tum, with ammonium 
chloride and zinc, hydrochloric acid and iron powder, and finally, tin and 
hydrochloric a cid. In the first case, the desired hydroxylamine was found to 
he contaminated with many by-products such as the amine and azo derivatives. 
When a large excess of iron powder mixed to a paste with hydrochloric acid 
was stirred into a portion of the p-nitrobenzoate a vigorous reaction ensued, 
but in most cases a portion of unreduced ester was found upon isolation of the 
amine. The well-known method of adding dilute hydrochloric acid to a 
mixture of the nitro compound and granulated tin produced the desired amine 
in good yield . The p-aminobenzoates with the single exception of that obtained 
from butyl carbitol were sharply-melting solids. In order to obtain a universal 
solid derivative by this method, however, it then became necessary to diazotize 
and couple the diazotized p-aminobenzoate with dimethylaniline. This method 
. was resorted to when acetylation, benzoylation, and salt formation did not 
produce well-defin!!d crystals. 
This method of obtaining a derivative by the use of p-nitrobenzoyl 
chloride as a reagent is not suitable, however, for identification purposes. Too 
many steps and too large a quantity of starting material render it impractical. 
Another reagent which has been proposed for the identification of alcohols 
is benzenesulfonyl chloride. When the possibilities of this compound were 
tested, it was found that although the aromatic sulfonates could be obtained 
without much difficulty, they were in all cases liquids. The esters were pre-
pared in an ethereal solution by mixing benzenesulfonyl chloride and the 
ether-alcohol and then adding a base (sodium hydroxide or pyridine) to act as 
a condensing agent. Purification by distillation in vacuo was not entirely 
suitable, for excessive quatemization with dimethylaniline on the unpurified 
material gave very inconsistent results, due, probably, to unreacted acid chloride 
It was thought that a solid sulfonate could be obtained directly by the use of 
p-acetaminobenzenesulfonyl chloride, but the oily products which were pro-
duced in only small yields resisted all efforts to solidify them. Decomposition 
to sulfanilic acid occurred very ea,sily on warming or hydrolysis. 
The efficacy of several reactive aryl halides was also tested. An accoun• 
of each follows: 
p-Nitrobenzyl bromide: A Williamson reaction .conducted in dry ether-
benzene solution produced a high-melting solid (above 300°) of unknown 
character. 
p-Nitrochlorobenzene: The only product isolated . from a Williamson 
synthesis conducted with this reagent proved to be p,p' -dichloroazobenzene. 
Neutralization of the ethereal reaction mixture by means of sodium carbonate 
had no effect. 
p-Bromonitrosobenzene: Again reduction instead of the expected con-
densation reaction took place. The product obtained in this case by condensing 
p-bromonitrosobenzene and ethyl cellosolve by the addition of excess pyridine 
was p,p' -dibromoazoxybenzene. 
2,4-Dinitrochlorobenzene: By the addition of a second nitro group to the 
aromatic nucleus, the chlorine atom became sufficiently active to react with 
sodium alcoholate. It was found most convenient to add the halide in benzene 
solution to a benzene solution of excess sbdium alcoholate. After standing at 
room temperature for ten minutes and refluxing slowly for thirty to forty-five 
minutes, the sodium chloride and excess alcoholate were separated by washing 
with water. Distillation in vacuo produced the colorless dinitrophenyl ether. 
Because these ethers were liquids, the second step in this sequence was reduc-
tion by the use of ammoniacal hydrogen sulfide. By alternately bubbling 
hydrogen sulfide into an ammonia-alcohol solution of the ether and refluxing, 
reduction of one nitro group was effected. The amino-nitro ether was a solid 
in all cases except that of butyl carbitol. The structure of this product was 
proven to be that of the 4-amino-2-nitrophenyl ether by reaction with hydro· 
bromic acid in glacial acetic acid solution. A small amount of 4-amino-2-
nitrophenyl ether also appeared to qe produced in each trial. 
The conversion of the cellosolves and carbitols to acids which could then 
be easily identified was also attempted. First, oxidation by the use of alkaline 
permanganate or potassium dichromate-sulfuric acid mixture produced a small 
yield of the desired alkyl glycollic acid mixed with the aldehyde and unreacted 
alcohol. After purification, the yield was negligible. Secondly, the conversion 
of cellosolves and carbitols to ,B·alkoxyethyl and ,8,,8'-alkoxyethoxyethyl gly-
collic acid respectively, by condensation of the sodium alcoholate with chloro-
acetic acid was tried. This latter method produced encouraging quantities of 
the expected acid, but a large excess of ether-alcohol was necessary for its 
preparation. The percentage yield, based on the quantity of substituted glycol 
used, was increased by first forming a salt of the chloroacetic acid with 
morpholine or pyridine. Although the common acid derivatives, such as the 
esters obtained from p-phenylphenacyl bromide, salts of piperazine, and 
p-toluidides were applied to these acids, solid derivatives were obtained from 
methyl and ethyl cellosolve only. 
Thus, although most methods of obtaining a solid derivative for analytical 
purposes proved unsatisfactory in some respects, two general methods were 
tested and proven to be applicable. The physical constants and analyses of 
the previously unreported products obtained in the course of the research are 
recorded. 
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